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PREFACE

The main aim of this book is to present current research outcomes from quanti-
tative analysis of Czech sign language. A multidisciplinary research project en-
titled “The Theoretical Basis for Teaching Czech Sign Language Tested through
Quantitative Linguistic Methods”, funded by the Czech Science Foundation, was
carried out by researchers from three faculties of Palacky University in Olomouc
(Czech Republic). It assumes that a deeper linguistic analysis of Czech sign lan-
guage (especially its hierarchical structure), obtained through quantitative linguis-
tic methods, will contribute to the development of the teaching theory and practice
of Czech sign language. In terms of its concept and research methods, it is a seem-
ingly unique research project which applies newly created quantitative linguistic
methods to Czech sign language for Deaf people, which has (in contrast to spoken
languages) a simultaneous and polysynthetic structure.

National sign languages of the Deaf have been considered natural languages by
linguists for more than fifty years. Judging by the available professional publica-
tions it does not appear, however, that this conclusion could be verified in the light
of the foreseeable validity of the laws of quantitative linguistics.

Our main task is therefore to apply and validate quantitative linguistic methods
and analyse the relationships between language levels in sign language. A number
of studies in this field have been already done, but from other perspectives (see,
for example, Borneman et al., 2018; Handouyahia et al., 1999; Malaia, 2017;
Malaia et al., 2016; Stewart, 2014; Uras, Verri, 1995). However, our tools and
approaches are completely different from those applied in the studies mentioned
above.

The single chapters of our books are organized as follows. The first chapter
can serve as an introduction to a general study of sign languages. It is an English
translation of the main part of the lecture notes (cf. Langer, 2013). The elements
of quantitative linguistics, including historical remarks, have been collected in
Chapter 2. This chapter was completed by the extension of related entries form
the New encyclopedic dictionary of Czech (cf. Karlik, Nekula, Pleskalovi et al.,
2017). Chapter 3 deals with one of the most important laws of quantitative lin-
guistics, namely the Menzerath—Altmann law. Its content was taken from the
theoretical part of the paper Andres et al. (2012b). Language fractals are consid-
ered on this basis in Chapter 4, which was selected from the paper Andres (2014).
Our methods are briefly sketched in Chapter 5, where a particular attention is paid
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8 Quantitative lingustic analysis of Czech sign language

to a possible visualization of language fractals. Serious problems with the con-
stituents of signs (especially measuring of their lengths) are also indicated there by
means of the arguments from Langer et al. (2020) and Langer, Rypka (2017). The
standard statistical criteria for the verification of obtained results are described in
Chapter 6, which is based on the paper Andres et al. (2014). For the first experi-
ment, treated in Chapter 7, where the validity of the Menzerath—Altmann law has
been investigated for the sign language levels (both separately and together) via
a fractal-based technique, we employed the results in Andres, BeneSovd, Langer
(2019). For the second experiment, in Chapter 8, about the persistence of a sign
language speech, explored by virtue of the Hurst formula, we adapted our study
in Andres, Langer, Matlach (2020). The challenges for our future research in
this field are indicated in Chapter 9. A possible profit of a quantitative linguistic
analysis of Czech sign language, with a special respect to educational aspects, is
discussed in Chapter 10, where the conclusions of the questionnaire in Langer,
Rypka (2017) were taken into account. After an extensive bibliography, the pro-
files of authors and key figures have been supplied.

The authors would like to use this opportunity to express their gratitude to all
who helped them with preparation of this book. It concerns mainly to our deaf
colleague Mgr. BcA. Pavel Kucera, Ph.D. for his kind help with the preparation,
elaboration and segmentation of sign language texts (speeches), Mgr. Vladimir
Matlach, Ph.D. and Mgr. Miroslav Rypka, Ph.D. for technical calculations and
graphical software applications, Mgr. Ondfej Molnar, Ph.D. for the coordination
and correction of a part of an English translation and RNDr. Miloslav Zavodny
for his excellent typing the text in IATEX.

The authors are indebted to the Czech Science Foundation for supporting the
project “The Theoretical Basis for Teaching Czech Sign Language Tested through
Quantitative Linguistic Methods” (Grant no. 17-18149S), which allowed us to
publish our outcomes in this way. Last, but not least, we are also grateful to the
Publishing House of Palacky University for the professional approach during the
whole executive process.

Olomouc, 2020 The authors
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1 SIGN LANGUAGES

1.1 Terminology

Hearing is one of the most important proximity sensors for humans, and apart
from its signalling function, serving to inform us of sounds from the outside envi-
ronment, it also has an important role in the perception of information presented
verbally. Deterioration in the function of the auditory analyser may result in
hearing impairment, which limits the individual’s interpersonal communication
to a varying extent and creates numerous obstacles. Unlike other types of impair-
ment (e.g. physical, visual, or mental), hearing impairment is usually not physi-
cally apparent, which often causes misconceptions among the lay public related
to its severity and the complications it causes to the person affected.

The development of communication competence in persons with hearing im-
pairment differs significantly as a result of the sensory impairment. The means of
communication for the hearing majority of society and persons with less severe
hearing impairment (hard of hearing) is the national language (i.e. Czech in our
environment), transmitted mostly in the form of spoken language (and the less
frequently used written form of language), while the natural language and means
of communication for persons with more severe hearing impairment (deaf) is the
national sign language (e.g. the Czech sign language). The language specifics of
persons with hearing impairment give rise to a certain cultural difference on the
part of this minority, and make its socialization within the majority society more
difficult.

From the perspective of special education, the deaf are persons whose loss of
hearing does not enable them to understand human speech even when compen-
sated for with technical aids, and who therefore depend on other means of com-
munication in order to receive information. For the purpose of Act No. 155/1998
Coll., on communication systems of deaf and deafblind persons, sup-paragraph 2,
the deaf are defined as persons “deaf from birth or having lost their hearing before
acquiring speech, or persons suffering from complete or practical deafness hav-
ing lost their hearing after acquiring speech, and persons severely hard of hearing
whose extent and character of hearing impairment does not enable them to fully
understand speech through hearing.”

11



12 Sign languages

In the 1990s, part of the Czech community of hearing-impaired people followed
the example of users of American sign language, and started labelling themselves
as the Deaf (starting with a capital letter). People with hearing impairment affili-
ating themselves with the Deaf view themselves as a cultural and language minor-
ity and request not to be considered as impaired (cf. Hruby, 1999). The crucial
uniting aspect within the community of the Deaf is the specific communication
system — sign language, which is significantly different from the communication
systems used by the majority hearing society. In order to become a member of
the Deaf community, a person has to fulfil numerous requirements, and most im-
portantly, identify with the specifics of the culture and community of the Deaf
(cf. Holubova, Motejzikova, 2002; Mrzilkova, 1996; Lane et al., 1996). The Deaf
therefore do not automatically associate all persons with hearing impairment, not
even all persons suffering severe hearing impairment, or deaf persons (from the
perspective of medicine or special education).

Visuo-motor communication systems play an important role in communication
of hearing-impaired persons; these are systems using specific visual and motor
means (shapes, positions, posture and movements of hands, posture of the head,
mimics, etc.) to transfer information. There are, however, numerous terminology-
related ambiguities leading to incorrect perception of the individual concepts and
their content, and the subsequent incorrect utilization. One of the most frequent
incorrectly used terms (especially by the lay public, but often also among the
expert public) in relation to people with hearing impairment is the term “znakovd

XX

re¢” [referring to sign language in English—Tliterally “sign speech’].

Figure 1.1: A historical depiction of communication conducted in “sign speech” between
two deaf men called Conversation created in 1925 by Leo Haas (1901 Opava — 1983 Berlin)
(adapted from: http://www.zob.cz)

“The reason is that ‘speech’ is understood by linguistics as individual and
unique acts of a person’s utterances, i.e. as particular manifestations of language”
(Macurova, 2001, p. 70), not as a comprehensive system of units (signs, words)
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and rules for their interconnection into greater units—in this case, the term “lan-
guage” is appropriate (see below). Similar cases would be expressions such as
“Czech speech”, “English speech” or “Russian speech”—ones which a literate
person would never use to refer to the particular language system. The term
“sign speech” has, however, been relatively firmly embedded in Czech terminol-
ogy since the past, when it was not perceived from the linguistic perspective,
but was used simply to refer to a means of communication through visuo-motor
means (i.e. a particular sign system) regardless of their particular characteris-
tics (evidence of this fact is e.g. Slovnik znakové feci [Sign Speech Vocabulary]
published in 1988). From this perspective (it is in fact a synonym for the term
“signing”), the utilization of “sign speech” is correct, but it is nevertheless better
to avoid it due to this “lack of transparency”.

Specialized research into communication of hearing-impaired persons, initi-
ated in the 1990s, has shown that it is necessary to distinguish clearly between the
natural language of Czech deaf persons (Czech sign language) and the manually
encoded Czech language (signed Czech). Proponents of Act No. 155/1998 Coll.,
on communication systems were in all probability led to the utilization of “sign
speech” by the need for establishing an umbrella term for two very distinct visuo-
motor communication systems of hearing-impaired persons addressed in the Act:
Czech sign language and signed Czech. In the supplementary bill developed by
the Union of Deaf and Hard-of-Hearing Persons in 1997, the umbrella term “sign
speech” is replaced with the term “znakovy jazyk™ [sign language]. This adjust-
ment to the bill was not, however, included in the final version of the legislation,
approved by the Parliament of the Czech Republic on 11 June 1998.

One of the inspirations for elaborating the above described bill was proba-
bly the Act of the National Council of the Slovak Republic passed on 26 June
1995 on sign language of deaf persons, which also used the analogical term “re¢”
[speech] (the term “‘sign speech” is also embedded in German terminology as
“Gebirdensprache”). Although the original intention of the act was to ensure the
right of people suffering severe hearing impairment to their own natural way of
communication, the official legislatively embedded definition of “sign speech” as
an umbrella term resulted in the creation of “terminological chaos” in the area
of communication of hearing-impaired persons, as well as in their practical life:
officially, there were only interpreters into “sign speech”, TV broadcasts featured
the news in “sign speech”, etc. but a deaf spectator could not know in advance
whether the TV news would be presented in signed Czech, or in Czech sign lan-
guage, or if the interpreting would be conducted by an interpreter using the way
of communication preferred by the client. For the reasons presented above, the
term “sign speech” should be entirely eradicated from professional as well as lay
terminology, and should be replaced with terms referring directly to the individual
means of communication of persons with hearing impairment.

Macurova (1998) also points out the difficulties resulting from the utilization
of the term “znak [sign]” as a noun or an adjective. From the linguistic (or more
precisely semiotic) perspective, this term is understood as “something (a sound,
an image, an object, an act, an event, ...) representing something else for some-
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body (the transmitter and the receiver)” (Karlik, Nekula, Pleskalovi et al., 2002,
p. 567). The linguistically understood term “sign” is therefore structurally super-
ordinate to the term “sign”, referring to the lexical unit of a sign language.

In Slovak terminology, when referring to the lexical unit (or the visuo-motor
communication system of hearing-impaired persons itself) in order to avoid this
clash of meanings, the terms “posunek, posunkovy [gesture—as a noun or adjec-
tive]” are used. While this eliminates the ambiguity of the term “znak [sign]”, it
induces another ambiguity—the two meanings of the term “posunek [gesture]”.
Although the term “posunek [gesture]” was generally used in the past to label
the lexical unit, present-day Czech terminology distinguishes between “posunek
[gesture]” (a synonym to a gesture) from “znak [sign]”, because it is non-verbal
in nature and impossible to be analysed (while a sign is verbal in nature and can
be analysed as a lexical unit of language) (cf. Macurova, 1998). The term “znak
[sign]” is used for reference to the lexical unit of the visuo-motor communica-
tion system of hearing-impaired persons analogically even in foreign-language
resources (“‘sign”, “signo”).

For the above explained reasons, in accordance with current trends in Czech
as well as foreign terminology, this text will use the terms “sign language” and
“Czech sign language” (similarly to terms such as American sign language,
British sign language, la langue des signes francaise, etc.) to refer to the natural
visuo-motor communication system of hearing-impaired persons. The artificial
visuo-motor communication system, using signs from Czech sign language as its
basic lexical units and the grammar of the Czech language, will be referred to as
“signed Czech language” or “signed Czech”.

1.2 Communication of deaf people

Verbal communication

A typical human way of communication is verbal communication, which means
a transfer of information using language and speech; the basic unit of verbal com-
munication is therefore a word as a lexical unit bearing meaning. De Saussure’s
concept (cf. De Saussure, 2008) of the relationship between language and speech
distinguishes between:

e language as a system (la langue),

e speech as a general human ability (le langage), and

e utterance—utilization of language in communication (la parole).

Language (langue) refers to a system of semiotic signs (see Section 1.3 Natural
sign systems — sign languages) serving for verbal communication of people. It fol-
lows a set of certain language norms valid in a particular community. Languages
and their utilization follow strict semantic, grammatical, phonological and pho-
netical rules that apply only to the particular language belonging to a particular
ethnic or an another culture-based group. According to the present-day concept of
linguistics, all languages share certain common features (the so-called theory of
universals), and in order for a particular communication system to be regarded as
a natural and full-fledged language, it has to include conventionally agreed upon
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basic attributes of natural languages (see Section 1.3.1 Sign language as natural

language).

Within the internal structure of the language, it is possible to identify the indi-
vidual language planes—the sub-systems of language characterized by the homo-
geneity of their units:

e the lexical-semantic plane, which involves an active and passive lexicon, i.e.
the particular lexical units used for the individual semantic meanings;

e the morphological-syntactic plane, which involves the grammar and syntax of
the language, i.e. the rules for correct grammatical construction of lexemes and
their inflection;

e the phonetical-phonological plane, which involves the area of production and
perception of the smallest units of lexemes that bear a phonological meaning—
phonemes;

e the pragmatical plane, which involves the ability to use the language through
speech (la langage) for social interaction through communication.

Speech (langage) is used in linguistics to refer to the way of utilization of a cer-
tain language for interpersonal communication and is regarded as a general hu-
man biological quality, where the transmitter transmits meaningful information
to the receiver through acoustic, visual, tactile or other codes, and the receiver
decodes and processes the information. The utterance (parole) is a unique and
particular language manifestation produced by the communicant in a particular
moment in a chosen communication code—it differs according to who, where,
when, how, and under what conditions the utterance is produced.

As stated above, the practical tool of verbal communication is speech (la lan-
gage); its means may be spoken or sign languages. In the case of the majority
hearing population, the basic means of communication is spoken speech and its
acquisition in early childhood becomes the basis for the subsequent development
of reading, writing and other education factors. Under favourable conditions,
most members of society acquire the spoken language of their group rather easily
within the first few years of their life. If there is, however, serious or long-term
deprivation in any area important for language acquisition, it results in commu-
nication and language deficits. Hearing impairment and the consequent sensory
deprivation is, depending on its extent, etiology and the time of its emergence, the
cause of impaired and also limited development of the required communication
competence in the majority language.

Nonverbal communication

An integral part of human communication interactions is nonverbal communica-
tion, which is an important complement of verbal communication but in some
cases may also serve as an independent means of meaning transfer in a form dif-
ferent from language. The basic factor distinguishing nonverbal communication
signals from verbal word expressions using language is that they have multiple
meanings. Although every nonverbal signal has its general meaning, most of
these signals cannot be unambiguously transferred into words through the pro-
cess of decoding or interpreted precisely without a context (cf. Vybiral, 2005).
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Strnadova (2008) remarks that some elements of nonverbal communication are
innate in humans (e.g. laughter and cry), so they are instinctive, common to all
people, and normally cannot be influenced intentionally. In contrast, other mani-
festations of nonverbal communication (or nonverbal behaviour) are conventional,
learnt through observation and imitation of nonverbal expressions of other people
in the individual’s social environment. The ability to understand these signals of
nonverbal communication is therefore conditioned by an acquaintance with the
particular culture, social group and environment, as well as by previous experi-
ence. From the perspective of the receiver of expressions of nonverbal communi-
cation, the following types of nonverbal communication can be distinguished:

e individual, which does not primarily serve for communication, but occurs in
every individual as part of interpersonal communication, being a manifestation
of thinking (individual nonverbal communication is expressed by a person e.g.
even if the person is alone in the room);

e interactional, which is intended to transfer certain meanings to other communi-
cants.

According to Kfivohlavy (1988), Volek (2002), Mare§ and Ktivohlavy (1995),
elements of nonverbal communication, sometimes also referred to as “body lan-
guage”, are typically classified within eight basic types:
mimics,
gestures,
posture,
kinesics,
eye contact,
haptics,
proxemics,
physical appearance and environment.
According to Tarcsiovd (2008), nonverbal communication plays an even more
important role for deaf persons than for hearing persons. This is true due to the
high dependence on the visual communication channel, which is closely related to
nonverbal communication. While in interpersonal communication of intact per-
sons, the above listed types of nonverbal communication tend to be independent
from the simultaneously produced verbal language, with deaf persons, some of
them (especially mimics, posture and kinesics) are an integral part of visuo-motor
sign language, and contribute to grammatical phenomena produced when com-
municating through this language in the form of non-manual factors.

As stated above, a necessary prerequisite for any communication among peo-
ple with hearing impairment is infensive visual contact. If visual contact is not
established, effective communication cannot take place (in case of persons with
less severe forms of hearing impairment, it is significantly limited). This depen-
dence on visual contact during the stage of development of communication skills
in hearing-impaired persons considerably promotes their ability to precisely dis-
tinguish and “read” visible nonverbal expressions. Concerning this fact, a crucial
role in communication of persons with hearing impairment is played by mimics,
and mimic expressions are manifested much more in them than in hearing persons
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(the importance of mimics is so great that if communicating in the sign language,
mimics even convey grammatical meanings). There are significant differences
even in the area of proxemics, i.e. the mutual proximity of communicants. In gen-
eral, the standard distance in the case of communication involving persons with
hearing impairment is smaller compared to communication involving hearing per-
sons. The reason is particularly keeping a certain optimal distance for lipreading
(e.g. in case of hard-to-hear persons) and the possible need for mutual physical
contact (haptics) which is necessary e.g. in order to establish visual contact. There
are strict social rules, however, for physical contact of hearing-impaired persons,
and these need to be followed (cf. Tarcsiova, 2008).

Natural and artificial sign systems

Visuo-motor communication systems used in communication, rearing and edu-
cation of persons with hearing impairment can be divided into two groups con-
cerning their origin. The first group are natural sign systems, i.e. those that were
established through long-term natural development. These specifically involve
national sign languages of deaf persons, and one of their ontogenetic stages—so-
called children’s sign languages. The second group are artificially created sign
systems, which serve as “compromise” language systems enabling mutual inter-
cultural communication of the deaf and the hearing, similarly to finger alphabets
and sign language phoneme codes.

Artificially created sign systems

Unlike natural communication systems, artificially created communication sys-
tems did not emerge through spontaneous and long-term development, but as a re-
sult of an intentional and controlled process aimed at a particular goal. The cate-
gory of artificially created sign systems involves in particular manually encoded
spoken languages (e.g. signed Czech), Makaton and Gestuno.

Signed Czech (or signed Czech language) belongs to the group of manually
encoded spoken languages. From the linguistic perspective, signed Czech is not
anatural language, unlike Czech sign language; it is an artificial system created by
hearing people to be able to communicate with deaf users of Czech sign language.
A sentence articulated in signed Czech is constructed according to the grammat-
ical and syntactic rules of the Czech language, but instead of words it uses signs
“borrowed” from Czech sign language. Signed Czech is therefore a so-called
pidgin—a combination of two independent language systems.

For hearing users, the acquisition of signed Czech is easier than learning Czech
sign language because they do not need to learn an entire new grammar system;
they only apply the features of Czech sign language to their existing knowledge
of Czech. For deaf persons, however, it may not be so easy to master signed
Czech—the reason is that it uses completely different grammar structures than
their natural sign language. Ultilization of singed Czech when communicating
with a hearing-impaired communication partner is, nevertheless, beneficial par-
ticularly because the production of an articulated Czech sentence, concurrently
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complemented with the signs of the Czech sign language, considerably facilitates
lipreading (cf. Hruby, 1999). It is therefore suitable especially for persons with
hearing impairment who are competent in Czech, i.e. hard-of-hearing persons and
post-lingually deaf persons (who may prefer this as the optimal way of communi-
cation).

Another artificially created sign system is Makaton, a language program us-
ing a system of manual signs and graphic symbols. It provides a basic means of
communication and promotes the development of speech, as well as the compre-
hension of concepts in children and adults suffering communication issues. It was
created in the UK in 1976 by a team of a speech therapist and two psychiatrists as
part of a project focused primarily on enabling communication for adult deaf per-
sons having difficulty learning new information and for hearing mentally disabled
or autistic children having difficulty comprehending speech who did not commu-
nicate verbally (Janovcova, 2004; Tarcsiovd, 2005). At present, Makaton is used
especially in schools, hospitals, training and social-educational centres and homes
for disabled children and adults as a tool for both communication with hearing-
impaired persons and within alternative and augmentative communication.

The system comprises three components: a dictionary, signs and symbols. The
principle of the system and the method for training Makaton are based on the
signing itself (movement of one or both hands). It is always accompanied with
speech, and to facilitate comprehension of the meaning, the content of the utter-
ance is supplemented with mimics, voice modulation and the situational context.
Usually there is no need to sign all the words constituting the sentence—only
the so-called key words are signed, i.e. those bearing meanings important for the
meaning of the entire message. In accordance with the individual development
of the expressive component of speech and comprehension of the concepts, it is
gradually possible to reduce the number of signed words. To further facilitate
communication and comprehension, it is possible to supplement the individual
signs with relevant symbols (utilization of multisensory approach).

GESTUNO

Figure 1.2: The cover of a Gestuno dictionary published in 1975 (adapted from: www.
amazon.co.uk)

Similarly to manually encoded spoken language (signed Czech), Gestuno is
also an artificially created system, i.e. it is not a natural language. It was cre-
ated as an international sign system intended especially for interpreting of official
texts (cf. Krahulcovd, 2002). Gestuno is an analogy to the international spoken
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system—~Esperanto. As with Esperanto, Gestuno did not experience any wider
application in practice and is only used by a relatively small group of profes-
sionals.

Grass Roots Seed
Herbe Racines Graine

Figure 1.3: Gestuno signs (adapted from: http://inthelandofinventedlanguages.com)

Natural sign systems — Sign languages

The term “sign language” is used in specialized publications to refer generally
to various non-vocal language systems used by minority communities of the deaf
of various nations. It differs from vocal spoken languages especially in its nature
(unlike with audio-oral spoken languages, sign languages are visual-motor in their
nature).

Meaning in sign languages is not carried by sound, but instead by two types of
specialized visuo-motor media:

1. lexical meanings are usually carried by manual media (the so-called manual
factors—place of articulation, shape, position and movements of a hand/
hands);

2. grammatical meanings are prevalently carried by non-manual media (the so-
called non-manual factors — mimics, position and movements of head and
torso).

Another important aspect in which sign languages differ from spoken languages
is the utilization of three-dimensional space, especially in text (co-)reference, to
express subject-object relationships and time expressions (Macurova in Karlik,
Nekula, Pleskalova et al., 2002).

1.3 Sign language as a natural language

The perception of the importance of sign language has been significantly chang-
ing throughout human history; at the turn of the 1900s, there was even an ap-
proach stating that deaf persons could learn to speak more or less on their own, if
lipreading spoken language and being prevented from any other form of commu-
nication—the only prerequisite would be to prohibit sign language as well as the
use of natural gestures. The frequent reasoning of opponents of sign language,
which has lingered on until the present, is that sign languages are not full-fledged
natural language systems.

In 1960, the American linguist William C. Stokoe published his work Sign Lan-
guage Structure, where he presented the results of a large-scale linguistic analy-
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sis of American sign language (ASL) and demonstrated that sign languages of

the deaf have all the necessary features of natural languages and are therefore

full-fledged languages. These features especially involve the existence of double
articulation (segmentation) in sign language, systematism, sign-based nature, pro-
ductivity and the historical context of sign languages (cf. e.g. Cerny, 1998; Karlik,

Nekula, Pleskalova et al., 2002; Bimova, 2002; Slanska-Bimova, Okrouhlikova,

2008).

In general linguistics, a natural language is considered a “system of signs serv-
ing for human communication” (cf. Slanska-Bimov4, Okrouhlikovd, 2008, p. 13).
Characteristic features are especially the possibility of (reproducible) communi-
cation between two partners or among more individuals, based on a system that is
complex and dynamic and that enables a combination of its signs in accordance
with certain rules (Cermak, 2001).

The basic properties of the semiotic sign are specifically arbitrariness and du-
ality (cf. Karlik, Nekula, Pleskalova et al., 2002). Sldnskd-Bimova (in Slanska-
Bimovd, Okrouhlikovd, 2008, p. 14) labels the semiotic sign as something
(a medium, a form, a vehicle) representing something else based on the shared
experience of the communicants. It can have the form of e.g. an acoustic signal
(sound), a visual image (graphic representation), a referential object, an act, an
event, a movement, etc. In the case of sign language, the form is visuo-motor
expression (through manual and non-manual means). According to de Saussure,
the semiotic sign is understood as the signifiant (the signifier), while a particular
thing, object, quality or phenomenon that is communicated through the signifiant
is the signifié (the signified) (cf. De Saussure, 2008).

Based on the relationship between the signifiant and the signifié, Peirce (sec.
cit. in Slanska-Bimovd, Okrouhlikov4, 2008) distinguishes between three types of
semiotic signs — icons, indexes, and symbols:

o If the signifiant has an obvious relationship to the signifié (they are similar in
their auditory or visual characteristics), the sign is an icon. Within spoken
languages, these are usually interjections; in sign languages this incorporates
the so-called visually motivated signs (imitative signs, see below).

e [ndexes in natural languages (spoken as well as signed) usually represent vari-
ous kinds of pronouns (personal, demonstrative, possessive), or adverbs. They
are always directly tied to the entity of the transmitter producing them, and if
used in the same lexical form by another transmitter, their meaning changes.

e Symbols are semiotic signs that have no relationship between the signifiant and
signifié, i.e. they are entirely arbitrary and not motivated in any way. Symbols
are more or less arbitrary successions of phonemes whose audio-oral (in spoken
languages) or visuo-motor (in sign languages) expression is not similar to the
meaning denoted.

According to Slanskd (in Slanska-Bimova, Okrouhlikovd, 2008), signifiants
should have the following properties: they are accessible with senses, arbitrary,
conventional, distinctive from other signs within the system, discreet, linear, se-
mantic in nature, relocatable, culturally transferrable, stable, subject to prevari-
cation, negativity and differentiality. At present, linguists usually regard the in-
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dividual characteristics of semiotic signs to be fulfilled by sign languages, only

based on perception with different senses; spoken languages use hearing (or sight

when perceiving the graphic form of language), while sign languages use sight.

Meier (2009) specifically emphasizes the fact that another sense used for percep-

tion of semiotic signs (i.e. even the language itself) may be touch; he refers to

the work of David Quinto-Pozos, who points out the third modality of signs—the
tactile-motor modality (referring to tactile sign languages for deafblind persons).

As mentioned by Cermék (2001), according to the theory of universals, the
presence of certain features is presumed in all languages. Apart from general
construction-related features of the language, this also involves certain formal
and substantive universals (according to Chomsky’s conception) and implicational
universals. Although it is impossible to prove their presence in all languages
existing and used throughout the world, the existence of particularly the following
absolute universals is presumed:

o the presence of 10-70 phonemes, at least two of them being vowels (in the case
of sign language, of a visuo-motor nature, the number of phonemes is much
higher and their structure is different);

e utilization of deixis;

e utilization of means of quantification (expression of number with numerals);

e presence of relational (grammatical) words not possessing their own meaning,
and of propria (proper names);

e sentences are constructed with two sentence members (subject—predicate);

e the order of attributes preceding a noun is always fixed (demonstrative pro-
noun—numeral-adjective).

According to Bimova (2002), the basic starting point for linguistic research into
sign systems is distinguishing between gestures and signs. Stokoe proved that the
sign (as the smallest lexical unit of sign language) may be, unlike the gesture,
divided into smaller units—sign components (so-called phonemes). In his con-
cept, every sign consists of three simultaneously occurring components: location
in space, shape of hand/hands, and movement of hand/hands in space. In every
particular sign language these components are “expressed through a qualitatively
defined and quantitatively delimited set of items comparable to a set of phonemes
within a spoken language” (cf. Bimova, 2002, p. 101). The possibility of divid-
ing the smallest meaning-bearing units (signs) into smaller units not bearing the
meaning but contributing to the distinction of the individual signs (sign compo-
nents) brings one of the main attributes of natural language into sign languages:
double articulation (phonetic-phonological segmentation).

Another necessary attribute of a natural language is systematic nature: every
natural language is a stable system involving a set of otherwise independent dis-
creet units and exactly defined relations between these units. Such a system has
the following qualities: hierarchy, anisotropy, and linearity. Hierarchy in sign
languages was proven with the already mentioned possibility of their phonetic-
phonological segmentation. Anisotropy (different qualities depending on the di-
rection) is a general quality conditioned by the way of human perception that is
common for almost all man-made systems (including sign languages). The as-
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sumption of linearity is not entirely fulfilled in sign languages, particularly due
to their visuo-motor nature and the existence in three-dimensional space. Unlike
spoken languages, sign languages primarily order their lexical units simultane-
ously. This property of sign languages is a result of the possibility to transmit and
receive several pieces of information and units at the same time, while with spo-
ken languages (that are audio-oral in nature) it is impossible to produce several
phonemes at the same time. Even sign languages have, however, a fixed order of
the individual items, thus the concept of “linearity” is usually replaced with the
concept of “sequentiality” (cf. Bimovd, 2002; Slanskd-Bimovd, Okrouhlikova,
2008).

Sign languages also fulfil another property of natural languages—they are sign-
based in nature, i.e. there exists a system of signs (the concept of “sign” in this
case is understood from the perspective of semiotics, i.e. as “something repre-
senting something else”—see above). In order for these “language signs” to fulfil
their function, they need to be accessible with the human senses—sign language,
perceived with sight, obviously fulfils this prerequisite. The individual language
signs must also be conventional, distinguishable from other signs in the system,
and arbitrary.

While the former two properties are fulfilled by sign languages, the requirement
for arbitrariness is not fulfilled completely. The nature of the majority of signs (as
lexical units) within Czech sign language is that of an icon (i.e. the “look™ of the
sign imitates the object it represents); arbitrary signs are in a minority. In contrast,
with spoken languages the vast majority of language signs are arbitrary—the only
type of signs that may be considered icons are interjections. Existing research into
sign languages (including Czech sign language), however, show that their lexical
units, i.e. signs, are not fixed; in contrast, they evolve over time in such as way
as to become arbitrary signs (for instance, two-hand signs are transformed into
single-hand ones, and the articulation space is reduced). In view of this, even this
condition may be considered fulfilled by sign language.

Another property of a natural language is its productivity and autonomy. Pro-
ductivity (the ability of a limited set of means to create an infinite number of com-
binations using a limited set of rules for their combination) of sign languages is
ensured with the possibility of combining the individual components of a sign into
higher-level units—particular signs (the phonetic-phonological level), and their
subsequent combining into fluent messages (the morphological-lexical level).
A prerequisite for the autonomy of a natural language is fulfilled by sign lan-
guages with their ability to express the past, the present, and the future, a question,
a condition, an imperative, etc.

The last basic attribute of a natural language is its historical context, which is
indisputable in the case of sign languages. The existing research into national
sign languages has shown that ontogenetic development of sign languages takes
place analogically to the ontogenetic development of spoken languages, and sign
language are also subject to phylogenetic development.

Slanska-Bimova and Okrouhlikovd (2008) also list other definitions of proper-
ties of natural languages that distinguish them from other communication systems
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(according to the linguist Ch. F. Hockett):
1. the audio-oral nature of language; Hockett admits two exceptions—the writ-
ten form of a language and sign language;
the possibility of transmission and directional reception of language signals;
temporariness and transience of language signals;
. mutual interchangeability of the roles of the communication participants;
. full feedback and the possibility of self-control;
. specialization of articulation organs;
the semantic nature (language signs are linked to particular concepts);
arbitrariness of language signs;
discreetness of basic language units (phonemes) and the possibility to classify
them within one of several clearly defined classes;
10. language autonomy;
11. language productivity;
12. transfer of traditions and cultural transferability;
13. double segmentation.

Additional characteristic properties of natural languages were gradually added

(cf. Slanska-Bimov4a, Okrouhlikova, 2008):

14. the ability of a language to reflect upon itself;

15. the possibility of a language to be learnt even by a non-native speaker;

16. unlimited content (the possibility to express something novel through new
signals);

17. independence from the stimulus (a language is not stimulated by either the
outer environment, or the internal emotion);

18. contextual appropriateness (a language can be adapted to a new situation);

19. creativity (the ability of a language to create an infinite number of new sen-
tences);

20. dependence on a structure (a language depends on the systematic structure of
its components).

When concerned with the above listed properties of natural languages, it is
obvious that sign languages and their features fulfil these characteristic properties
(with the exception of the audio-oral nature of the language that was attributed
to it by linguists), and sign languages of the deaf have to therefore be considered
natural languages to which their users are naturally entitled.

In general linguistics, languages are usually classified into language types, and
the principles of the individual typology theories are based on suitable conceptual
topics, usually on the individual language levels. Cermdk (2001) lists phono-
logical, morphological, syntactic, and structural typologies. Phonological and
morphological typologies are established according to the parameters of spoken
languages, so sign languages cannot be classified with them due to their different
form.

Syntactic (Greenberg’s) typology classifies languages into six groups based on
the word-order combination of the subject (S), the verb (V), and the object (O).
According to Cermék (2001), the vast majority of world languages belong to the
three most frequent combinations SVO, SOV, and VSO (approximately 85-90 %)
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in total. Syntactic typology classification of Czech sign language has not been
carried out, but research into other sign languages shows that they usually fall into
the categories SOV (in sentences with transitive verbs) or SV (in sentences with
intransitive verbs). Sentences with modal verbs manifested a different order of
signs (cf. Massone, Curiel, 2004).

The last typology mentioned, structural typology (according to Skalicka) is
based on phenomena on multiple levels, and distinguishes between five types
of languages: agglutinative, flective, isolating, introflective, and polysynthetic—
while the so-called ergative (amorphous) languages are an entirely independent
category (cf. Cermak, 2001; Cerny, 1998). Servusova (2008) remarks that sign
languages belong to the group of polysynthetic languages (sometimes also called
incorporating), i.e. languages that create complex lexemes (or signs in the case
of sign languages) from the originally isolated lexical units, and these complex
lexemes may contain subject, predicate, object, etc. and correspond to an entire
sentence (cf. Cernfx, 1998).

In contrast to audio-oral spoken languages, which are based on the linear prin-
ciple, the visuo-motor nature of sign languages enables the production of the in-
dividual language units (on the lexical as well as grammatical level) to be not
only linear (the beginning and the end of a sign, or the production of signs one
after another within a sentence), but also simultaneous. On the lexical level, si-
multaneity is manifested in the concurrent production of the manual (e.g. hand
shape, palm orientation, movement) and non-manual (mimics, head movement,
etc.) components of the particular sign. On the grammar level, this means the
concurrent production of several signs through incorporation (see below), utiliza-
tion of three-dimensional signing space, as well as the accompaniment with non-
manual means.

The different forms of sign and spoken languages also influence the produc-
tion speed of both these types of languages. According to Motejzikova (2007),
research into foreign sign language has shown that although production of signs
as complex lexical units is slower than production of words articulated aloud, the
production speed of a complex utterance in sign language is comparable to that
of speech, sometimes it may be even faster. This paradox is caused particularly
by the possibility of simultaneous production of multiple meanings, especially
through incorporation.

The individual national sign languages (their lexicon as well as grammatical
structures) have evolved similarly to national spoken languages through long-term
development influenced by many factors. There is not one universal sign language
that would be identical for deaf people of various nations and cultures; however,
thanks to their similar grammatical features, the individual sign languages are
much closer to each other than the individual national sign languages to their
respective national spoken languages. When communicating with each other, deaf
users of various national sign languages are therefore able to rather easily come to
a “compromising” international contact sign system. While the (sign) lexicon of
communication partners usually differs, the basic grammar structure is normally
very similar. The sign lexicon of the international sign system is naturally created
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by the mutual adoption of signs and possible adjustments in order for the signs to
be as comprehensible as possible for both communicating parties (cf. Tetauerova,
2008).

Manual factors in sign language

As already mentioned above, sign languages exist in the visuo-motor form, i.e.
they are produced through specific movements of the human body. The main ar-
ticulatory organ are arms, or hands—all means of expression (semantic signs) pro-
duced with hands are called manual factors (bearers). The branch analysing the
composition of the individual sign language signs is, as with spoken languages,
phonetics and phonology.

The first linguistic phonetic-phonological study of sign language (particularly
American sign language) was conducted by William Stokoe. In his treatise Sign
Language Structure (1960) Stokoe demonstrated that American sign language has
the “Saussurean” properties of a natural language, and also that the individual
signs (unlike gestures) may be divided into smaller segments—phonemes. Due to
the concern that terminological ambiguity may arise, Stokoe labelled these basic
segments as cheremes, but later on, the phonetics of sign languages also adopted
the term phonemes.

Stokoe originally distinguished between three basic parameters of the sign
(a phonological unit):

e place of articulation;
e shape of the articulating hand(s);
e hand movements (cf. Macurova, 2008).

The number of phonemes within the individual parameters is different in var-
ious national sign languages, and unlike spoken languages where phonemes are
produced in a linear manner, phonemes in sign languages are articulated simul-
taneously. Other linguistics-oriented research projects have shown, however, that
the three above-stated segments of signs are not sufficient for a thorough analy-
sis, and the number was therefore increased to the following currently used five
parameters:

e place of articulation;
e shape of the articulating hand(s);
e position of hand(s) in relation to the body:

— orientation of palm,

— orientation of fingers,

e mutual position of hands;
e hand movements (cf. Macurovd, 1996).

The place of articulation of a sign (tabula — TAB) determines all the parts of the
articulation space that the hands reach when expressing the sign (for the standard
size of the signing space, see above). The number of delimited sectors of the
signing space determined depends especially on the thoroughness of analysis of
this parameter; the location is usually recorded especially in the frontal plane of
the body. The particular value for the parameter TAB is influenced by a number
of factors, including the “canonical form” of the semantic sign, the context, the
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influence of grammar (e.g. space visualization, incorporation, expression of tense)
and other factors arising from the particular communicative situation (e.g. signing
when sitting, walking, with one hand only, “whispering”, etc.).

From the lay perspective, the shape of signing hand(s) (designator — DEZ) is the

seemingly most important parameter of the sign, but the change in the individual
variables within a fluent utterance usually leads to changes in the phonetical, not
phonological plane. Again, the number of actually used variables (hand shapes)
differs across the individual national sign languages. For Czech sign language,
twelve basic hand shapes have been identified; these may be divided into five
groups based on their relationship (cf. Souralova, 2004):
closed hand;
clawed hand;
hand with fingers pulled to the palm;
hand with fingers pushed away from the palm;
closed hand with raised fingers.
As to the parameter position of hand(s) in relation to body (orientation), two
independent features are distinguished — orientation of palm (ORI1) and orien-
tation of fingers (ORI2). To determine the value of ORI1, the orientation of the
inner wrist is important; for the value of ORI2, it is the orientation of the index
finger, the middle finger, the ring finger, and the little finger in the upright posi-
tion (the orientation of the thumb is therefore not so important). When the fingers
are bent, the value is determined according to the orientation in the upright po-
sition. As with other parameters, the orientation of the palm and fingers may be
different from the canonical form when actually producing the sign within a fluent
utterance; this is caused especially by co-articulation of the individual signs.

The mutual position of hands (hand arrangement — HA) is a parameter ob-

served in signs articulated with both hands. Research into Czech sign language
determines the following mutual positions of hands (cf. Souralova, 2004):
hands next to each other;
one hand behind the other;
one hand over the other;
one hand inside the other;
hands in mutual contact;
hands joined together.
The last commonly observed parameter of the sign is movement (signator —
SIG) of hand(s) articulating the sign. The visuo-motor form of the sign language
enables making full use of the three-dimensional signing space, which makes this
parameter a very variable category and which also makes its description difficult.
Macurova (1996) distinguishes between the direction of movement (e.g. upwards,
downwards, rightwards), the type of movement (circular, direct, swinging, etc.),
its length (short, long, etc.), character (e.g. repeated, gentle, etc.), or possibly its
absence.

A movement done when signing a particular sign may be further divided into
the macro-movement of the entire arms, or forearms, and the micro-movement of
the wrist or the individual fingers. Even within isolated signs, there is frequently
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a combination of multiple movements that may be done linearly (one after an-
other), or simultaneously (concurrently).

Based on the number of hands active in signing, their shape, and the type of
movement, every sign may be classified within one of the following movement
matrices (cf. Battison, 1978), based on its manual characteristics:

e Signs articulated with one hand:

— signs with zero contact (e.g. STUDY, DAY, SUN),

— signs with contact with the body, not with the other hand (e.g. DEAF, OLD,
FRIEND).

e Signs articulated with both hands:

— signs with both hands active and with the same shape (e.g. WEATHER, IM-
PORTANT, SLOVAKIA);

— symmetrical signs where one hand is active (dominant hand, the right hand
for right-handed persons), articulating above (under, behind, in front of, etc.)
the passive hand; both hands have the same shape (e.g. SKIN, OCTOBER,
DANGEROUS);

— asymmetrical signs, where one hand (the dominant hand) is active, articulat-
ing above (under, behind, in front of, etc.) the passive hand; hands do not
have the same shape (e.g. PRESENT, MACHINERY, NAIL).

e Composed signs combining the above listed types (e.g. MAY, LIBRARY, NOT

BE ABLE TO).

Non-manual factors in sign language

While the above listed manual factors in sign languages are usually the bearer of
lexical meanings, the grammar component of the utterance is significantly repre-
sented through non-manual factors, which are part of nonverbal communication.
Nonverbal communication, manifested through non-manual bearers, has a consid-
erable importance for the reception of information even in the communication of
the hearing majority, but for persons with hearing impairment, who cannot use au-
ditory feedback within communication interaction, its importance is considerably
greater. Concerning their visuo-motor nature, non-manual factors are perceived
with sight, and the perception takes place simultaneously with the perception of
manual factors.

With regard to the place of production of non-manual means of expression, we
can distinguish between the movements and positions of the following body parts:
e head (nodding, shaking, leaning, etc.);

e face and its parts:

— eyebrows (raised, lowered, etc.);

— eyes (viewing direction, degree of eye opening)

— nose (neutral, or wrinkled);

— cheeks (e.g. inflated, pulled in, tongue in cheek);

— mouth (air flow, oral and speech components);

— tongue (sticking out, licking lips, placed on teeth, etc.);

— teeth (e.g. revealed teeth, lip biting);

— chin (moving, retracted, etc.);
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e shoulders (shrugging in various directions, movements, etc.);

e torso (e.g. leaning, rotation, bending);

o legs.

Oral components involve expressions manifested with the mouth that are not
related to speech (e.g. lip vibration, yawning, one lip placed on the other), speech
components are those movements of the mouth that are derived from the produc-
tion of speech (de facto facial reflections of speech sounds—kinemes). Vysucek
(2008) states that without oral or speech components, the individual signs would
not make sense—they would be ungrammatical.

The absence of the auditory communication channel in persons with hearing
impairment and their dependence on the visual perception of all motor (manual
and non-manual) expressions transmitted by their communication partner usu-
ally results in significant development of the ability to differentiate and precisely
analyse even subtle nonverbal expressions of a person that would be normally
imperceptible for an intact person.

For hearing individuals trying to learn sign language, mastering of the appro-
priate passive as well as active utilization of non-manual factors is very often
one of the most difficult stages in the study process. With regard to the fact that
non-manual factors (as mentioned above) contribute significantly to the grammar
component of sign language, the degree of their mastering usually determines the
ability to sufficiently comprehend a signed message and express oneself fluently
and clearly in sign language (inadequately used non-manual factors are usually
the factor that enables the deaf to find out that the other communicant in sign
language is a hearing person).

The focus of hearing-impaired persons (including those with less severe hear-
ing loss, who do not use sign systems for communication) on visual perception
of nonverbal expressions of their communication partner is extremely intensive,
and it is one of the typical manifestations of a distinctive culture of persons with
hearing impairment.

In sign language communication, non-manual factors fulfil the following roles:
(cf. e.g. Souralovd, 2004; Strnadovd, 2008):

e Expressing transmitter’s emotions, intentions and attitudes, including e.g. ex-
pression of the degree of urgency (through mimics, forward leaning of the
body), subordination or superiority (mimics, position of shoulders), sadness
or happiness (mimics, the overall energy of the motor expression), “shouting”
or “whispering”, etc.

e Distinguishing between the lexical meanings of the individual signs, especially
semantic signs whose manual component is almost or entirely identical, so they
may be undesirably mistaken (e.g. semantic signs FOG and DUST differ only
in the degree of eye opening). Apart from non-manual factors, the elements
significantly contributing to the differentiation of the individual semantic signs
in case of signs with an identical manual component are even the sentence co-
text and situational context of sign production.

e Lexical representation of adjectives linked to signs for nouns—apart from spe-
cific adjustment of the manual component of the sign (e.g. a different shape
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of the hand or character of the movement—its extent or speed), non-manual
factors are also commonly employed very significantly (e.g. inflated cheeks ex-
pressing greater size — BIG CABBAGE; tip of tongue between teeth — SLICED
CHEESE; urgent facial expression — TERRIBLE HUNGER).

e Gradation of adjectives and adverbs—apart from the adjustment to the man-
ual component of the sign representing a canonical form of an adjective (e.g.
adjusted length of the movement trajectory or its speed), components added
include mimic expression (e.g. BEAUTIFUL — THE MOST BEAUTIFUL —
eyes and mouth open gradually more and more; SMALL — THE SMALL-
EST — mouth and eyes are closing, cheeks are pulled in; FAST (adverb) —
THE FASTEST - head leans to the side, corners of the mouth are widening,
the stream of exhaled breath grows faster). In addition to a very intensive non-
manual expression, the superlative form is frequently accompanied by a manual
classifier prefix, a semantic approximation of the meaning “the most”. While
gradation of adjectives usually involves three stages in traditional languages
(the first — affirmative, from which the second — comparative, and the third —
superlative are derived), in sign language it is impossible to determine the num-
ber of stages due to high variability and the possibility of employing various
non-manual factors within sign production.

e Modification of properties of some verbs, where simultaneity of sign language
is used, and this modification is incorporated in the canonical form of a sign
together with its manual adjustment (in the case of spoken languages, the modi-
fication of the meaning of verbs is usually achieved through a combination with
adverbs). Most frequently, verbs are modified by expressing the extent of ef-
fort or lack of difficulty needed to perform the particular activity (e.g. pedalling
easily one’s bike, learning hard).

e Representation of adverbs themselves, where non-manual components in com-
bination with the context distinguish adverbs from the related noun (e.g. DIS-
TANCE-DISTANT) and gradate it (see above).

e Distinguishing the communicative function of the utterance, i.e. the declarative,
interrogative, imperative and wish function. The receiver of the information
must be able to correctly decode the individual non-manual expressions in or-
der to be able to react appropriately to the lexical content of the utterance. This
is one of the reasons why the recipient of a signed utterance looks specifically
at the transmitter’s face while perceiving the manual signs with peripheral vi-
sion. The individual functions are commonly manifested through a stable set
of non-manual expressions that are further adjusted or added to, as needed.

e FExpressing negation—negation may be expressed simultaneously with the pro-
duction of the manual component of a sign (usually through shaking one’s
head, a specific facial expression—mouth shaped into N, narrowed eyes), and
may be combined with a particular manual sign indicating negation.

e Expressing irony, which is commonly expressed in spoken languages through
voice intonation. In sign languages, the manual component of a sign is simul-
taneously complemented with a specific mimic expression (e.g. a grin).
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Significance of sign language in the personality development of
people with hearing impairment

The ability to receive information from our environment through hearing is vital
to the development of speech and interpersonal communication and to the nat-
ural growth of mental and social abilities. Severe hearing impairment prevents
the child from perceiving sounds, which leads to sensory deprivation, a limited
variability of experience and impaired development of selected competences (cf.
Koluchovd et al., 1989; Gregory et al., 2001).

The most serious secondary disability related to hearing impairment is the com-
munication barrier, which affects all aspects of personality development. Func-
tioning and wholesome communication (notably in the case of a child with hear-
ing impairment) should be the primary goal of those who are in contact with peo-
ple with hearing impairment (family and teachers in particular). Potential emo-
tional deprivation and communication “isolation” of the child may turn sensory
deprivation into psychological deprivation, which in some cases has a negative
impact on a previously harmonious family.

One of the ways to prevent a communication barrier is ensuring optimum lan-
guage development, which is key to the cognitive and social development of
a deaf child. Studies investigating how people with hearing impairment learn sign
language, particularly American Sign Language (ASL) British Sign Language
(BSL), have revealed that the onfogenetic development of sign language is gener-
ally analogous to the ontogenetic development of spoken language in hearing chil-
dren (cf. Woll in Gregory et al., 2001). According to Evans (2001), however, the
language development strategy aimed at communication in the most frequently
spoken language of the given society in hearing children (see figure 1.4) is fun-
damentally different from the language development of deaf children due to the
impaired audio-oral communication channel (see figure 1.5).

Reading and writing

/

Spoken language (speech)

/

Gestures

Figure 1.4: Language development in hearing children

While the natural language of hearing people is spoken language (Czech, in our
case), children with hearing impairment are not predisposed to acquire it and are
therefore unable to speak the same language code as their hearing community. As
mentioned above, linguistic surveys (cf. Macurovd, Homoldcova, Ptacek, 1997,
Macurovd, 2001; Evans, 2001) indicate that sign language is a natural language
for those with severe hearing loss and should not be denied to them.

Regardless of which communication system they prefer, psycholinguists and
experts dealing with the communication systems of people with hearing impair-
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ment agree that children with hearing impairment need to be able to access lan-
guage as early as possible. 1t is therefore necessary to create conditions and an
environment for the child in the early period which would allow for successful
communication between the deaf child and its mother. “Successful early com-
munication is currently considered essential for language acquisition. Linguistic
stimulation and functional feedback between the mother (and other family mem-
bers) and the child in the early years are also fundamental to the healthy cognitive
and emotional development of the child” (cf. Hronovd, Motejzikové, 2002, p. 60).
Evans (2001) reports that evidence suggests that the features and specificities of
sign language have prompted its early use as a medium for acquiring primary
language competence.

Speech Lip reading

al
Reading and writing
/
Finger-spelling alphabet
W

Sign language

Figure 1.5: Language developmental sequence in deaf children

A study by Ahlgren (in Evans, 2001) also demonstrated that young deaf chil-
dren exposed to sign language had advanced linguistic skills given their age
(mainly because they used ‘visual’ sign language in the phase in which visual
stimulation is important for linguistic and cognitive development). Another study
by Ahlgren (in Hronovd, Motejzikova, 2002) revealed that children with hearing
impairment from deaf families who communicated with sign language were sig-
nificantly more aware of their surroundings (continuously monitoring their sur-
roundings in anticipation of new information) compared to deaf children from
hearing families. Children raised using sign language therefore pay significantly
higher attention to their immediate surroundings and learn randomly and sponta-
neously, thanks to which they learn to make the maximum use of their eyesight at
an early age.

Svoboda et al. (2001) point out that the development of a child with hearing im-
pairment largely depends on adequate education (to a much greater extent com-
pared to intact peers), as deaf children are objectively limited in their efforts to
generate incentives and information. The personality of a child with hearing im-
pairment is substantially shaped by the environment in which the child grows up.
More than 90 % of children with hearing impairment are born to hearing parents,
for whom the birth of a deaf child tends to be a psychological and emotional chal-
lenge. One of the most serious problems is the inability of parents to communicate
with a deaf child naturally and fully due to the hearing loss.
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In contrast to deaf children of hearing parents, deaf children growing up in
a deaf family have better results and develop faster. Originally, this was incor-
rectly attributed to the aetiology of their hearing loss (deaf children of deaf parents
were expected to be less likely to have complex cerebral disability, while greater
probability was linked with the hereditary causes of hearing loss). Research into
this aspect of the development of children with hearing impairment (cf. e.g. Har-
ris, 1978; Conrad, 1979 in Freeman et al., 1992; Evans, 2001) has shown, how-
ever, that “one of the positive factors which give deaf children of deaf parents
an advantage is using sign language from the youngest age. There are, however,
several factors. The attitude of deaf parents to their child’s hearing impairment
is, on average, incomparably more positive compared to that of hearing parents.”
(Freeman et al., 1992, p. 183) Early communication in sign language is therefore
undoubtedly beneficial for the linguistic, psychological and social development of
the deaf child.

Wholesome and effective communication plays a vital role in the comprehen-
sive development of a school-age child with hearing impairment. Sovak (in Baldz
etal., 1988, p. 70) defines the education process “as a specifically organized com-
munication aimed at the transfer of knowledge, skills and habits. The primary
requirement is that this communication be efficient and trouble-free.” Krahul-
cova (2001, p. 69) also views communication as “the essence of the education of
children with hearing impairment. Social and didactic communication supplies
information, and the information then provides material for the development of
cognitive processes at the highest levels of thought and speech, and in turn for the
development of education in general.”

Effective and “trouble-free” communication is objectively feasible in the ed-
ucation (psychological, cognitive and social development) of children with se-
vere hearing loss only if visual-motor communication means (sign language and
finger-spelling alphabet in particular) are involved. Only sign language can be
a means to rapid and accessible transfer of knowledge. Sign language becomes
the starting point and tool for developing other communication skills in children
with hearing impairment (this is the basis of the principles of total and bilingual
communication).

Sign language plays a crucial role in the personality development of a child
with hearing impairment, and in the search for identity in particular. Given the
hearing loss, deaf children are likely to meet and socialize with other deaf peo-
ple in the future (the process begins the moment children start attending a school
for the deaf). People with hearing impairment who meet specific requirements
consider themselves a cultural and linguistic minority and refer to themselves as
the “Deaf” (capital “D”). Only those who have an excellent command of the na-
tional sign language become fully-functioning members of the Deaf community.
People with hearing impairment, able to identify themselves with the specifics of
the Deaf culture and enter the community, will most likely be able to establish so-
cial contacts, make friends and find partners. They will not be caught “halfway”
between the worlds of the hearing and of the Deaf and will not lose their iden-
tity. This is sometimes the case with deaf or hearing-impaired people who have
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received an oral education and are unable to communicate in a spoken language
due to the degree of their hearing loss, and who have not learned sign language
and are therefore unable to communicate with the Deaf either.

1.4 Types of sign language notation

The visuo-motor form of existence of sign languages makes them a suitable means
of communication for persons with hearing impairment. Their form also provides
them, however, with entirely different linguistic properties compared to audio-oral
communication systems, derived particularly from the principle of simultaneity
and the utilization of three-dimensional space. It is therefore very difficult for
a native speaker of an audio-oral language (in some respects probably even im-
possible) to acquire all the lexical and grammatical specifics of these systems. The
notation of visuo-motor sign systems is also a specific issue (especially regarding
their linguistic analysis), since their simultaneity does not allow for utilization of
standard writing as we know it from linear languages. For this reason, linguistic
research focused on sign systems has gradually proposed several specific notation
systems enabling their linear or graphic notation and allowing for quantification
of the occurrence of individual phonemes.

An utterance of a human being expressed with visuo-motor sign systems (com-
monly referred to as signing, or sign speech) is, as with an utterance expressed
with audio-oral systems (speaking, or speech), an unreproducible act.

To enable scientific investigation of the individual communication or language
systems there is a need to record these systems appropriately, and subsequently
to describe them using relevant techniques and methods.

To perform linguistic investigation of audio-oral systems and phenomena oc-
curring in them, the analysis of their graphic form is sufficient in the majority of
cases; however, in the case of sign systems, which are visuo-motor in their nature,
such analysis is much more difficult (and in some places it has not been conducted
yet). The difficulty could be compared to linguistic analysis of audio-oral systems
where its permanent graphic form or a reproducible auditory form would not be
available.

The most phonetically and phonologically universal option is transcription with
notation systems where the sign manifestation, or parameters of the individual
signs, are captured with specific codified tags and symbols typical for the individ-
ual notation systems. Signs recorded with notation systems are not recorded from
the semiotic perspective, so it is impossible to analyse syntactic and contextual
links from them. They enable, however, very detailed analysis of the individual
parameters constituting the internal structure of the sign. The phonological and
phonetic principles of the notation of these parameters also enables statistical
analysis taking into account e.g. the frequency of occurrence of the individual
variables, searching for the minimal pairs of signs, etc. The disadvantages of
these notation systems are that learning them is quite demanding, and they are
significantly arbitrary.

In a period when sign systems are globally investigated from the perspective of
phonetics and phonology, dozens of transcription systems have been developed.
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With regard to Czech sign language, we consider the following transcription sys-
tems the most important:

e Stokoe’s notation system and its modifications,

the Hamburg notation system,

SignWriting,

the Edinburgh non-manual coding system,

the Berkeley transcription system.

Stokoe’s notation system and its modifications

The original Stokoe’s notation system (SNS) is based on defined manual param-
eters of signs (see the sub-section 1.3 Manual factors in sign language) and has
become the source of many other revisited systems, modifications, and adjust-
ments for the individual national sign languages. The notation system for Czech
sign language was designed in 1996 by Alena Macurova in a proposal published
in the journal Specidlni pedagogika [Special Education] (cf. Macurovd, 1996)
and subsequently amended by Karel Benes§ (cf. Okrouhlikové, 2008, 2012). It is
based primarily on Stokoe’s notation system (for American sign language) and
its modifications from 1984 carried out by a team of British researchers Mary
Brennan, Martin D. Colvill and Lilian K. Lawson (for British sign language) (cf.
Okrouhlikovd, 2008).

The notation system for Czech sign language focuses on its manual component
from the phonetic perspective, and the repertory of phonemes is determined ac-
cording to the theory of minimal pairs—pairs of signs of different meaning that
differ from each other with only one phoneme. This phoneme has a phonological
validity. As stated in the section 1.3 Manual factors in sign language, the indi-
vidual phonemes may be divided into five groups of parameters: tabula (TAB),
designator (DEZ), orientation (ORI), hand arrangement (HA) and signator (SIG).
All signs may be divided into six types (see the same section) and recorded ac-
cording to three basic matrices: signs articulated with one hand, signs articulated
with both hands, composed signs (Brennan, 1990).

Notation of the individual phonemes within the superordinate parameters uses
special symbols that are usually pictograms or ideograms. In the version designed
by Macurova, there are thirty basic symbols for the parameter TAB (and nineteen
more for the manual TAB). The place of articulation is understood as the place
where a particular sign starts.

The symbols for parameter DEZ are based on the letters used in the Czech
finger alphabet, and are complemented with special tags, indexes, and additional
symbols capturing their slight modifications. Macurové determined twelve basic
handshapes, and thirty more shapes derived from them. The parameter ORI is
noted separately for the orientation of palm (ORIl) and for the orientation of
fingers (ORI2) in relation to the signing person’s body. The standard number of
symbols used to capture orientation is Six.

For signs articulated with both hands, their mutual position is also noted (HA).
There are five symbols available; these are used in case the mutual position of
the hands is not obvious from the notation of other parameters. The parameter



Types of sign language notation 35

that is most difficult to note is undoubtedly movement (SIG). For its notation,

there are 34 symbols capturing basic movements and twelve combined symbols

for circular movements. There is also a special symbol for capturing the contact

of a hand with another body part, or with the other hand (cf. Okrouhlikova, 2012).
In the notation system for Czech sign language, the individual symbols are

recorded according to a strictly determined syntax, which is governed primarily

by the movement matrix of the particular sign (based on the premise that the right
hand is the dominant one):

e signs articulated with one hand—TAB DEZ Ry or12 >3

e signs articulated with both hands, both hands active, both in the same shape—
TAB DEZ or11 0or12 HA) DEZ oRI11 ORI2 SIG (parameters for the left hand are
recorded first, followed by those for the right hand);

e signs articulated with both hands, one hand is active, the other passive—manual
TAB or110r12 HA) DEZ or11 or2 S'C (parameters for the passive hand are
recorded first, followed by those for the active hand);

e composed signs—the individual parts are recorded separately, separated with
two diagonal lines (cf. Macurovd, 1996).

Although all the recorded parameters are manifested simultaneously, the no-
tation is linear. As mentioned above, the parameter whose notation is the most
difficult is movement of hand(s), as it may be a combination of several isolated
movements. If the individual movements are performed simultaneously, the re-
spective symbols are noted vertically one under another (or horizontally in round
brackets); if the individual movements follow one another, the symbols are noted
horizontally next to each other.

In 2003, Karel Benes modified the system designed by Macurovd. The modi-
fications concerned specifically correction of certain deficiencies in the original
systems by introducing additional phonemes within the individual parameters.
Benes increased the number of the basic types of signs for the Czech sign lan-
guage to seven, and they may be recorded in five matrices:

e signs articulated with one hand—TAB DEZ g1 orp2 3¢

e signs articulated with both hands, both active hands are in the same shape—
TAB DEZ og1 1 0r12 HA) DEZ ori1 oriz O'C (parameters for the left hand are
recorded first, followed by those for the right hand);

e signs articulated with both hands, one hand is active (in the same or a different
shape)—TAB DEZ or1 1 or12 HA DEZ oR11 ORI2 SIG (parameters for the passive
hand are recorded first, followed by those for the active hand);

e signs articulated with both hands, both hands are active and in different signing
spaces—TAB DEZ or11 or12 HA TAB DEZ or11 oriz S'C (parameters for the left
hand are recorded first, followed by those for the right hand);

e signs articulated with both hands, each of them performing a different move-
ment in a different signing space—TAB DEZ orny or23S s TAB DEZ or11 ORI2
SIG (parameters for the left hand are recorded first, followed by those for the
right hand);

e composed signs—the individual parts are recorded separately, separated with
two diagonal lines (cf. Okrouhlikovd, 2012).

SIG
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As aresult of the increased number of distinguishing phonemes, the number of
symbols used for the individual parameters also increased. The number of basic
symbols for the parameter TAB was increased to 62. The system of twelve basic
handshapes (DEZ), derived from the Czech finger alphabet, was preserved, but
the number of derived shapes was increased to 39. A significant increase in the
number of phonemes may be observed for parameters ORI1 and ORI2, where the
number was increased from six to 26, which enabled capturing subtle differences
in hand orientation. In addition, the number of phonemes for parameter HA was
significantly increased to 26. As with Macurovd’s system, contact of both hands
is recorded with a special symbol, and the location of the contact is specified with
one of 25 symbols noted in square brackets (manual TAB).

Figure 1.6: Symbols for notation of sign localization (parameter TAB) (adapted from:
Okrouhlikova, 2012)
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Figure 1.7: Symbols for notation of the orientation of palm and fingers (adapted from:
Okrouhlikovd, 2012)

A significant extension was also done for the notation of parameter SIG; the
modification distinguishes between a direct movement (ORIl and ORI2 remain
the same; 26 symbols), a circular movement (ORIl and ORI2 remain the same;
3 symbols; it is also possible to express the plane of the circular movement with
indexes X, y, z), an arched movement (ORIl and/or ORI2 change; 2 symbols),
a wrist movement (ORIl and/or ORI2 change; 4 symbols), a finger movement
(the shape of hand changes; 6 symbols; in case of a complete change in the hand-
shape, the new shape is noted in square brackets), and a movement of both hands
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(5 symbols combined with symbols for a direct movement). Greater precision of
the movement notation may be achieved with nine complementary symbols cap-
turing possible modulations and modifications of movement (e.g. an alternating
movement, a rapid movement). In contrast to Macurovd’s system, the individual
movements performed simultaneously are noted horizontally in round or curly
brackets; movements following one another are noted horizontally next to each
other, and may be separated with a slash (cf. Okrouhlikovd, 2012).
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Figure 1.8: Comparison of the notation of sign parameters according to the system
designed by Macurovd (on the left) and the system modified by BeneS (on the right)
(notations adapted from: Okrouhlikova, 2012)

Hamburg notation system

As with notation systems for Czech sign language (designed by Macurovd and
Benes), the Hamburg notation system (HamNoSys) may also be considered
a derivation from Stokoe’s notation system; it is a phonetic transcription sys-
tem recording the shape and orientation of the hand, the place of articulation, the
movements of hands, and the movements of the head and upper body. Compared
to the above described systems, the Hamburg system is more universal, since it
uses icon marks to indicate the handshape, so it is not tied to a particular finger
alphabet. It was designed in 1987 in Hamburg by a team led by Siegmund Pril-
witz at the Institute of German Sign Language and Communication of the Deaf,
and has been further developed (at present, version 4.0 is available) (Universitét
Hamburg, 2020). The advantage of this system is easy localization according to
the conditions of any sign language in the world, i.e. even Czech sign language,
or tactile language.
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Unlike the above presented notation systems, HamNoSys focuses on both the
manual and the non-manual component of the particular sign language. As to
recording of the manual component of signs, the individual signs are divided into
three basic types from which the transcription matrices are derived, having the
specific syntax of the individual parameters and their symbols:

e single-handed signs: DEZ orp or11 TAB 5165

e two-handed symmetrical signs: H4 DEZ (dominant hand) orp or11 TAB S16;

e two-handed asymmetrical signs: HA DEZ (dominant hand) orp2 ori1 DEZ (non-
dominant hand) orp2 orr1 TAB SIG,

As stated above, in order to describe the handshape (DEZ), HamNoSys uses 31
iconic symbols in total. These are based on six basic and six derived handshapes
and are combined and complemented with diacritic symbols representing e.g. the
position of the thumb, the distance between the thumb and other fingers, bending
of the individual joints of the hand, contact between fingers, etc. In total, the last
version of HamNoSys (version 4.0) presents combined symbols for 150 various
handshapes (Universitit Hamburg, 2020). Orientation of fingers (ORI2—in total
18 symbols) as well as orientation of the palm (ORI1—in total 8 symbols) are
recorded with a subscript following the symbol for the handshape, and may be
complemented with some of the four symbols representing the bent wrist.

The place of articulation is only indicated if the sign is performed at a specific
part of the body or space (when articulating in the neutral signing space, it is
not indicated). There are 42 basic reference points of the human body thus far;
these are further specified when combined with additional symbols (nine in total)
informing whether the place of articulation is on the right/left side of the reference
place, to the right/left of it, on the palm or the back of the hand, behind the body,
in contact with the body, near the body or far from it. In total, it is possible to
precisely specify more than 160 places or articulation within the signing space.

As with the previously described notation systems, HamNoSys uses a wide
range of symbols and their combination for notation of the individual types of
movement (parameter SIG) and their detailed characterization. There is a differ-
ence in the syntax of notation of absolute movements informing about the precise
place of the beginning and ending of the movement (TAB 3¢ TAB), and of relative
movements where the place of the beginning is defined followed by a combination
of symbols referring to the movement that describe the movement into the space
(TAB S16). In the latest fourth revision of HamNoSys, the individual movements
are classified as:

e path movements and their sub-types:

— a direct movement with a specified direction and possibly its extent (small/

big);

— an arched movement with a specified basic direction and orientation of the

arch;

— a wavy or wiggly movement with a specified basic direction and character of

the movement (wavy/wiggly);

— acircular movement or its derivations with a specified direction of the move-

ment, the size of the circle, the place of the beginning and ending of the
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movement, partial circular movements, spiral movements or elliptic move-
ments;
e local movements — from the macro-perspective, they do not employ the entire
arms:
— achange in the orientation or position of the hand;
— finger movements (crumbling or flickering);
— movements of the wrist or forearm;
e non-manual movements of the body, shoulders, head, etc. (notation uses the
same symbols as those for other movements, combined with the parameter
TAB).
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Figure 1.9: Notation of sign parameters according to HamNoSys (notations adapted from:
Okrouhlikovd, 2012)

To note down the character and properties of the individual movements, there
are approximately 42 symbols, usually in the form of arrows, or arrows combined
with other graphic figures (circles, arches, tildes, ellipses, etc.), as well as ap-
proximately thirteen additional symbols describing the quality of the movement
(speed, tension, an abrupt halt, repetition, a change in hand dominance, etc.). The
individual symbols as well as their combinations are recorded in a linear man-
ner. If they are performed consecutively, they are noted in round or double angle
brackets. If they are performed simultaneously, they are noted in square brackets.
If the individual movements immediately follow one another and therefore merge,
the respective symbols are noted in angle brackets.

The mutual position of hands (parameter HA) is recorded only for two-hand
signs, and with regard to syntax, it is placed at the beginning of the entire notation.
There are eight symbols used to represent various options of the mutual position
of the hands.
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Notation of the non-manual component of a sign language is not completely
developed in the HamNoSys, and as stated above, non-manual movements may be
recorded as a combination of symbols for movement and symbols for the place of
articulation. While it is possible to record e.g. movements of eyebrows, eyes etc.,
the existing set of symbols for movement and place of articulation cannot capture
all the currently used mimic expressions, and oral and speech components.

All three notation systems presented above record the individual components of
signs in a linear manner, and when some phonemes are articulated simultaneously,
this fact is indicated with special marks (e.g. placed in a certain type of brackets).

SignWriting

Another notation system, and a relatively frequently used one—SignWriting—
records the individual phonemes with fixed graphic symbols into complex figures
capturing the upper body of the signing transmitter. These complex figures there-
fore create a notation in a simultaneous manner, i.e. in the same way the articula-
tion of the individual components is performed. As with HamNoSys, SignWriting
enables the recording of the basic characteristics of the non-manual sign compo-
nent. Unlike the other systems, however, which are primarily focused on the
lexical level of the sign language due to their scientific-research utilization, Sign-
Writing aims to become a full-fledged graphic representation of sign languages up
to the level of sentences and even the entire messages; also capturing the syntax of
the respective sign language. The individual lexemes (or their records in the form
of complex figures) are (somewhat unusually for the users of standard graphic
phonetic systems) arranged vertically into columns, so they look similar to the
original sign writing systems (e.g. Chinese or Japan) (www.signwriting.org).
The SignWriting system was created in 1974 in Denmark by Valerie Sutton, and
its principle is based on the system of DanceWriting used for the notation of ballet
dance, designed by the same author. SignWriting is not primarily intended for
scientific purposes, nor for phonetic description of the lexical component of signs;
its aim is to be comprehensible to the lay public (the tags are in the form of icons)
and widely accessible to its users for notation of national sign languages. For
this reason, it may become a commonly used script for sign languages. While is
differs from the other systems with its different principle of graphic combination
of the individual symbols, a shared feature is the manner of analysis of signs
into the individual parameters and their subsequent notation. In SignWriting, the
following parameters are described:
e shape and orientation of hand,
place of articulation,
movement,
contact,
non-manual components (cf. Okrouhlikova, 2012).
The parameter notation principle in the SignWriting system lies in simultane-
ous graphic depiction; unlike the above described notation systems using linear
notation, the system does not distinguish between the individual movement matri-
ces and does not involve different patterns of parameter notation. The manner of
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parameter notation is therefore based on the visual image of the signing transmit-
ter, i.e. it captures the components of the particular sign that are necessary for its
subsequent identification in a spatial arrangement (location of the individual sym-
bols) corresponding to the reality from the perspective of the signing transmitter.
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Figure 1.10: Notation of sign parameters according to SignWriting (notations adapted
from: Okrouhlikov4, 2012)

Symbols for handshapes are dominant and initial in SignWriting; they are de-
rived from three basic handshapes (closed fist, open fist and flat hand). With these
three basic handshapes, the system distinguishes between ten basic sets of hand-
shapes based on the number of fingers stretched out; the number of symbols for
handshapes derived and classified within these ten sets is 261. Hand orientation
(of both the palm and fingers) is captured according to fixed rules. The utilization
of the symbol for handshape in the original form indicates the vertical orientation
of the palm (parallel to walls), the degree of colouring refers to its orientation to
the back (not coloured), to the front (coloured) or to the side against the central
axis of the body (half-coloured, with the coloured part referring to the back of the
hand). The orientation of fingers is indicated with various orientation of symbols
for the handshape and palm orientation.

The place of articulation is captured in SignWriting with the above-mentioned
symbols for the shape and orientation of hand which are placed in a particular
place in relation to the reference point, usually the symbol for the head, or other
body parts (the nape, the neck, shoulders and hips). If a sign is articulated in
a neutral signing space, the reference point does not need to be indicated. The
left-right orientation of the sign’s location is encoded from the perspective of the
producer of the sign (Www.signwriting.org).

The parameter of movement, which is the parameter of a sign that is tradition-
ally most difficult to record due to its three-dimensional and dynamic character,
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is represented in SignWriting with special arrows (according to the type of move-
ment; empty arrows for the left hand and full arrows for the right hand). The
system distinguishes between:

e arm movements:

— vertical movements (arrows with a doubled base line)—24 symbols;

— horizontal (arrows with a single base line)—28 symbols;

— horizontal-vertical movements (circular or arched movements)—11 symbols;
e forearm rotation movements:

— vertically oriented (4 symbols);

— horizontally oriented, directed away from the body (4 symbols);

— horizontally oriented (4 symbols);

e wrist movements:

— swinging (10 symbols);

— rotation (vertical, horizontal, horizontal-vertical) (6 symbols);
e finger movements (12 symbols). (cf. Okrouhlikova, 2012)

In order to specify the movement more precisely, there are additional special
symbols (nine in total) capturing its dynamics (fast, rapid, tension, slow, simulta-
neous movement of both hands, etc.). If the handshape changes in the course of
a movement, this is indicated by adding the symbol for the final (new) handshape
after the arrow indicating the direction of the particular movement.

Mutual hand contact, or contact between a hand and another body part is
recorded within the complex of symbols at the exact place in the signing space
where it occurs. The system distinguishes between six types of contact (a touch,
permanent contact with a circular movement, short-term contact, holding, hit-
ting and insertion), each of them having its own symbol (cf. Okrouhlikové, 2012;
wWww.signwriting.org).

The notation of the non-manual component of signs is possible to a limited
extent even in the above described Hamburg notation system, but this integral part
of sign language communication, which considerably contributes to expression of
grammar, is captured much more thoroughly in SignWriting. Special symbols
placed into a circle symbolising the head refer to:

e shapes of eyebrows (6 symbols);

e shapes of eyes (6 symbols);

e viewing direction (8 symbols for the vertical direction and 7 symbols for the
horizontal direction);

appearance of cheeks (6 symbols);

airflow (2 symbols);

shapes of nose (2 symbols);

speech component (16 symbols);

oral component (21 symbols);

expressions of emotions (10 symbols).

Movements of the entire head are expressed with arrows similar to those cap-
turing hand movements (distinguishing between vertical and horizontal move-
ments) and there are 16 symbols for them. As stated above, the SignWriting
system is intended to become a full-fledged graphic representation of sign lan-
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guages; for this reason, it also provides punctuation marks (in total, there are eight
symbols for a period, a comma, a colon, a question mark, an exclamation mark,
quotation marks, brackets, and a hyphen) that may be inserted into a continuous
sign message (Www.signwriting.org).

The Edinburgh non-manual coding system

A British research team (partly identical to the team that extended and modi-
fied Stokoe’s notation system in 1984) developed a notation system for record-
ing the non-manual component of sign language signs in 1982. In accordance
with the home of the research team, this notation system was called “The Edin-
burgh Non-Manual Coding System”. It was designed primarily to identify the
meaning of the non-manual component of signs. The designers of the Edinburgh
non-manual coding system took inspiration from two of the above listed notation
systems—Stokoe’s notation (from which they took the individual symbols) and
SignWriting (whose principle of creating combined graphic shapes they adopted)
(cf. Okrouhlikova, 2008).
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Figure 1.11: A comparison of sign notation according to the individual notation systems

As with SignWriting, the transmitter’s head is represented with a circle, with
the individual symbols indicating the movements or appearance of the individ-
ual parts of the face placed into or around it. (In contrast to SignWriting, the
right-left orientation is recorded from the perspective of the recipient.) One dif-
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ference from SignWriting is that the Edinburgh Non-Manual Coding System also
involves recording of movements of other body parts, especially the shoulders
and the torso. There are 18 basic symbols based more or less on Stokoe’s nota-
tion system, or symbols with a slightly shifted meaning (14 of them describe the
movement and four represent a particular position or shape of the respective part
of the face). In addition, there are four additional symbols indicating other details
of the movement (rapid, short, the number of repetitions).

Based on the position of the individual symbols within or around the circle, or
with the symbols for shoulders and the torso, it is subsequently obvious which part
of the face or body performs the indicated movement or is in a particular position.
With some non-manual expressions (e.g. movements of mouth or eyes), the sym-
bols for movement must always be combined with a symbol referring to the shape
of the particular part of the face. If recording the non-manual component for iso-
lated signs, it is recorded above the notation of the manual component (frequently
with Stokoe’s notation system). When recording the non-manual component of
a continuous message (at the level of entire sentences), the notation is provided if
a change occurs in the non-manual expression (so it is not necessary to indicate it
for every isolated manual sign). Oral and speech components of signs cannot be
recorded with the Edinburgh Non-Manual Coding System; there is a need to use
written notes (cf. Colville, 1986; Okrouhlikova, 2008).

The Berkeley transcription system

An entirely different view of sign language notation is adopted by the last one on
our list of common notation systems—the Berkeley transcription system. It was
developed by American and Dutch scientists as an output of the project Berkeley
Sign Language Acquisition Project investigated in 1998-2001; the aim of the
project was to develop a way to record the interaction of deaf signing children
with deaf and hearing communication partners, and to analyse it (cf. Hoiting,
Slobin, 2002).

In contrast to all the above described notation systems, which capture the sign
language and its individual signs from the perspective of phonetics and phonology,
the Berkeley transcription system focuses on the morphological and the semantic
level, i.e. the level of meaning units (cf. Slobin et al., 2001a; Okrouhlikovd, 2012).
A standardized form of PC notation and a set of software applications for analysis
of the transcribed material is an integral part of the system. Regarding the fact
that the Berkeley system focuses on the notation of complete communication in-
teractions, it records not only the individual signs (their manual and non-manual
components), but also the gestures and other manifestations of communication
behaviour expressed. In order to record the individual observed parameters and
phenomena, there is a set of symbols that are in fact English abbreviations of
these elements, and in the case of national localization, they may be adjusted to
correspond to the particular majority national language.

The basic building blocks of this transcription system are meaning units pro-
duced within a communicative act, thus recording them is also the basis of the
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entire notation. The system uses notes with a semantic meaning in the particu-
lar majority national language complemented with other symbols indicating the
respective manual and non-manual expressions, gestures, etc. The notation there-
fore enables the recipient to understand the content of communication, but it does
not enable its reproduction without a knowledge of the particular sign language.
Analysis of the nature of the observed manifestations of communication, modi-
fication of the individual signs, and the entire communicative behaviour subse-
quently allow for recognition of certain grammatical phenomena (cf. Slobin et al.,
2001a).
Notation according to the principle of the Berkeley transcription system is
based on observation of the following variables:
e individual signs (including equivalents) and their specification;
signs for numerals;
signs for demonstrative and possessive pronouns;
poly-component signs (verbs);
notes for expressions different from a sign in their nature (including equiva-
lents);
e movement trajectories:
the shape of a movement;
the vertical direction;
— horizontal sagittal direction;
horizontal lateral movement;
— horizontal right-left direction;
— swinging movement;
— other directions;
e classifier handshapes (or specifiers) and the mutual position of hands:
classifiers for objects;
— classifiers of holding;
specifiers of the shape of surfaces (the outer shape);
utilization of a body part instead of a particular sign;
spatial relations;
handshape (specific shapes);
hand orientation (palm and fingertips);
movement patterns (types of movement);
non-manual components;
the character of the movement;
simultaneity of units (manual as well as non-manual);
changes in handshape;
extra-linguistic communicative behaviour:
— gestures;
— attention-drawing means;
e cxpressive and contextual situations:
— mistakes and unconventional signs;
— answers without signing;
— continuous succession of utterances;
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— interruption;

— repetition of an utterance by a partner;

— repetition and densification of an utterance;

e additional communicative aspects (attention and focus of communicants, oral
communication, phonological description of gestures, etc.) (cf. Slobin et al.,
2001b).

The individual signs and abbreviations used are designed so as to be available
in the common sign set of a keyboard (ASCII) and are recorded in a linear manner
into a line (with every shift in the communicative roles, a new line starts). The
notation uses standard punctuation marks to separate the individual utterances.

An example: A transcription of communication in American sign language
between a mother and her daughter (21 months old) (cf. Slobin et al., 2001b,
p- 28).

*MOT: t@ag(*2) w@ag "opr’ WHQ SEE WHAT(1h) " ?

*CHI: MOUSE(*N) .

*MOT: t@ag g@ag(nh): \- "opr’ WHQ WHAT(1h) " \?

*CHI: 0 [%act: lifts panel in book] *mot .

*MOT: "opr’WHQ WHAT(1h) " ?

*CHI: < PNT_3[on book] *m > [>].

*MOT: < “opr’ WHQ WHAT(1h)(*2) ~ > [<] ?

*MOT: "opr’ YNQ \- CAT t@ag(nh) CAT PNT_3(at_cat_in_book) ~ < CAT > [>] ?

*CHI: < "opr’NEG 0 " > [<] [%ges: don’t know/not me] .

Joges: open 5s, wrists rotate out

*MOT: “opr’ WHQ WHAT(1h) ~ ?

*CHI: <BEAR> [*] [//] BEAR .

%err: BEAR $mvt

1.5 Czech sign language

Czech sign language is one of the national sign languages—it is the visual-manual
communication system of the Czech deaf (the Deaf). The Act on the Communi-
cation Systems of Deaf and Deaf-Blind People No. 155/1998 Coll., as amended
by Act No. 384/2008 Coll., defines Czech sign language in Section 4 as fol-
lows: “(1) Czech sign language is the basic communication system of those deaf
people in the Czech Republic who consider it the main form of their commu-
nication. (2) Czech sign language is a natural and wholesome communication
system consisting of specific visual-movement means, namely handshapes, hand
position and movements, facial expressions, positions of the head and the upper
torso. Czech sign language has the basic attributes of a language: it is semiotic,
systemic, doubly articulated, productive, independent, and historical, and is lexi-
cally and grammatically stable. (3) Czech sign language can be used as a tactile
communication system for deafblind people, consisting in tactile perception of its
means of expression.” Czech sign language is therefore the natural language of
the Czech deaf (the Deaf). It is not derived from the main spoken Czech language
and has its own vocabulary and grammar.
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Contrastive linguistics—differences between the Czech language
and Czech sign language

National sign languages (hence also Czech sign language) differ from the spoken
national languages (the Czech language, in this case) in particular in the way they
exist and use three-dimensional space. These two fundamental differences be-
tween the two language systems grant Czech sign language characteristics which
the spoken Czech language does not possess (and vice versa). Differences be-
tween the languages are described by contrastive linguistics, which compares the
structure, features and specifics of languages.

Czech sign language uses three types of means of expression:
e verbal and non-vocal (movements and positions of hands, face and upper torso);
e non-verbal and non-vocal (gestures, facial expressions, mimetic description);
e non-verbal and vocal (laughter, vocal expressions, speech components).

Phonological, morphological, lexical, and syntactic differences were identified
based on findings from research of Czech sign language. (cf. Servusovd, 2008)

Phonology

While words in spoken languages (including Czech) are formed by a linear se-
quence of sounds, signs consist of several smaller phonological units (sign pa-
rameters) produced simultaneously. These include namely the sign articulation
location (TAB), handshape (DEZ), hand location relative to the body (orientation
of the hand and fingers — ORI), hand arrangement (HA) and hand motion (SIG).
For more information, see 1.3 Manual factors in sign language.

Sign language phonemes are identified using minimal pairs, which are lexi-
cal units (signs) differing in one single phoneme. Sample Czech minimal pairs
include REDITEL [DIRECTOR] — SPORT [SPORT] (different TAB), HLAD
[HUNGER] — ZACHOD [TOILET] (different DEZ), POCASI [WEATHER] —
ATLETIKA [ATHLETICS] (different SIG), VECER [EVENING] - OBRAZ [PIC-
TURE] (different ORI1), and MLADY [YOUNG] — OBYCEINY [COMMON]
(different ORI2). Servusova (2008) points out a theory based on which certain
phonemes in sign languages share the same meaning (for example signs articu-
lated at the head are very often linked to mental processes).

Morphology

The system of language units which carry meaning is, in the case of simultaneous
sign language, completely different from the system of spoken linear languages.
Macurovd (2001) argues that the recognition of parts of speech is not important,
for example, in Czech sign language, unlike, for example, the directionality of
signs, their movement in space, which serves to express grammatical relations.
Czech sign language, however, also groups signs under several parts of speech.
Major differences in grammar categories are noted with verbs in particular.
Analyses of spontaneous sign expressions of Czech native signers generated the
following three groups of verbs based on the way individual signs representing
verbs inflect depending on their grammatical meaning (on the specifics of their
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inflection) (cf. Macurova, Bimova, 2001; Servusova, 2008):

e Simple verbs, which do not change within a sentence, context or to express
person (number). They remain in the canonical form and their arguments need
to be expressed lexically and sequentially (linearly) with a name proper or pro-
noun. The grammatical meanings of person (and number) are carried by name
proper or pronoun, not by the verb itself. Simple verbs may, however, also
change slightly in context, although not in terms of person or number; they can
express (mostly non-manually) various circumstances and provide, through in-
corporation, detailed information about their object. The simple verbs of Czech
SL include the majority of verbs articulated on or near the body (e.g. signs in-
dicating TO LOVE, REMEMBER, LIKE, ASK, THANK, SIGN).

e Compliant verbs make the maximum use of space, expressing their arguments
through a change of form. The grammatical meanings of person (number) is
expressed through the incorporation of the place of articulation, the change of
direction in the horizontal line and, in some cases, change in the palm orien-
tation. Compliant verbs include signs indicating TO GIVE, TO WATCH, TO
CRITICISE, TO VISIT, TO PAY, TO QUESTION, TO TEACH, etc. These
verbs used to be referred to as directional verbs.

e Spatial verbs do not express the meaning of person (number)—their arguments
need to be expressed with a name proper or pronoun. They change in the sen-
tence and context, however, by supplying information about the location of the
action or state, about the movement of an object, and often express the means
(by incorporating an altered handshape). Spatial verbs make maximum use
of the typical features of Czech SL—its existence in three-dimensional space
and simultaneity (e.g. signs indicating TO SHAVE, TO WASH ONESELF, TO
DRINK). The spatial verb category also includes verbs primarily expressing
movement in space (e.g. signs indicating TO FLY, TO GO, TO JUMP). These
verbs are sometimes also referred to as locating, movement-locating or classi-
fying verbs.

Irrespective of this division, all verbs in Czech sign language which change
significantly with the context (manual and non-manual components) are some-
times referred to as unstable verbs in the relevant literature. The verb aspect in
Czech sign language, in contrast to the Czech spoken language (where it is ex-
pressed by grammar only, for example, with prefixes or suffixes), is expressed
lexically-grammatically by adding another sign to the basic verb in line with spe-
cific grammar rules. In most cases it is the DONE sign, although using the three-
dimensional sign space and non-manual components (facial expressions and head
movements) is also substantial (cf. Servusovd, 2008).

The way time is expressed in Czech SL is highly varied (cf. Macurovd, 2003).
Comrie (1985, in Macurova, 2003, cf. éern}?, 1998) reports that the idea of time
is inherent to every culture, and time is expressed in every language. Languages
use the two following ways to express time:

e grammatical expression of time, marked in the verb with a specialized verb
form (for example past tense in Czech) and

e lexical expression of time using ‘time-reference’ and time-deixis—means cor-
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relating the time referenced with the moment of utterance (for example, “yes-

terday”, “then”, “next year”).

Czech SL uses the lexical expression of time only, unlike spoken Czech. Instead
of being expressed by a change of verb forms, time is therefore conveyed by
incorporation and certain temporal signs related to an imaginary timeline. Time
in Czech SL, similarly to other (better researched) national sign languages, is
expressed along several axial lines, whose referential point is the human body:

e The front-rear axis is the basic timeline serving for the articulation of time
specifications which place events, actions, situations, states, etc. in the future
or the past. The timeline is also used to articulate temporal signs (e.g. the sign
of HISTORY, YESTERDAY, TOMORROW).

e The vertical axis is used in Czech SL (as in other SLs) to express the time of
human growth.

o The right-left axis serves for time duration and time shifts.

In addition to the three basic timelines above, Macurova (2003) also describes
other, additional timelines used for the articulation of other signs referring to time
(for example, A LONG TIME and SLOWLY are articulated on the forearm of
the non-dominant arm). The timelines are not, however, fundamental for the way
time is expressed in Czech SL, as they are a mandatory part (manual component)
of specific signs and thus learnt together with other parameters of the sign. As
time is expressed lexically in Czech SL, it is usually easy to learn (unlike other
grammatical features of Czech SL).

One of the linguistic universalities is the existence of deictic means, which are
represented by pronouns, among other parts, both in Czech SL and spoken Czech.
They fall, like in Czech, into the following groups (cf. Servusovd, 2008):

Definite pronouns:

e Personal pronouns, which refer to parties (present as well as absent) to a com-
munication act (I, YOU, WE). As Macurovd and Bimova (2001) report, unlike
spoken Czech, Czech SL does not distinguish between gender in third person
singular and plural pronouns—it is implied by context. In contrast to spoken
Czech, other types of personal pronouns anchored in special phonemes (partic-
ularly handshapes) are recognized in Czech SL for double, triple and quadrature
numbers (YOU TWO, US THREE, THEM FOUR).

e Possessive pronouns, which refer to the owner of the given communicated ob-
ject MY, YOUR).

e Demonstrative pronouns, which point to the given communicated object (THIS,
THAT).

Given the visual-manual form and the use of three-dimensional sign space,
Czech SL, unlike audio-oral Czech, uses certain pronouns to express the spatial
relationships between the subjects and objects the pronouns refer to. Adequate
use of these pronouns is an indispensable grammatical feature. Similarly, the plu-
ral is more accurately expressed in the pronouns of Czech SL, specifically the
inclusive plural (for example WE = I + addressee) and the exclusive plural (for
example WE =1 + third party) (cf. Macurovd, Bimova, 2001).
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Indefinite pronouns:

o [nterrogative pronouns, used to request information from the addressee (WHO,

WHAT).

e Relative pronouns, whose role is largely played in Czech SL by non-manual
means of expression and partly by third-person personal pronouns.
o [ndefinite pronouns proper refer to an unspecified object (WHAT/WHO + a fa-

cial expression of ignorance) (cf. Servusovd, 2008).

There are also differences in the structure of numerals. Although research of
numerals in Czech SL has not been fully completed, partial studies show that their
principle differs vastly from Czech due to the incorporation processes. Drawing
on her own research, Sebkova (2005) defines the following four main groups of
numerals, of which some are divided into subgroups:

e cardinal numerals,
e ordinal numerals:

— indicating dates,

— indicating sequential order (e.g. in competition, by age),

— indicating numerical order (e.g. class or year at school)

e multiplicative numerals:

indicating how many fold or how many times an event happened,
indicating how many times an event happens over a period of time,
— indicating how many times something is multiplied,

indicating how many times an event has happened,

e special numerals:

— inverted, with the palm facing the front, indicating the last numeral in the

year, the school grade, or the city district number;
— iconic, the signing of which is visually motivated by the shape or posi-
tion of the number they represent (e.g. jersey number, SQUARE METRE,
A SQUARE);

— specific, whose form or use differs from others (THE ONLY ONE, ONLY
TWO, WE THREE, etc.).

Novikova and Sebkova (2008) also define the signs of numerals which indicate
temporal and financial data. These are incorporated in another sign, which usually
represents a noun.

Lexicology

Czech sign language and spoken Czech are equal on the qualitative and quan-
titative level in terms of the word/sign lexicon (including homonymy, synonymy,
polysemy, antonymy), as both Czech SL and spoken Czech are able to express any
meaning. Czech SL has, however, a different system for categorizing vocabulary
(it uses different signs for some of the polysemal Czech expressions and lacks
selected signs for hyperonyms, for example). It also differs in the creation of new
signs, in phraseology, and above all, in the substantial use of facial expressions on
the lexical level.

Signed languages, similarly to spoken languages, adopt word-stock from other
linguistic systems. Although multiple language users do not agree with the trend,
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it is natural and cannot be removed. While spoken Czech usually adopts foreign

words undistorted, including their pronunciation (e.g. INTERNET or AUTO) or

adopts them to Czech speech (e.g. DISPLEJ, RAKETA), signed languages convert
them to another existential mode (audio-oral mode is converted to visual-motor
mode).

The signs of Czech SL (the smallest lexical units carrying meaning) are divided
into the following three groups based on their nature and origin:

o Demonstrative (deictic) signs—they are the simplest and most comprehensible
signs of Czech SL. They point to objects (representing their meaning) in the
immediate vicinity of the speaker (e.g. signs indicating EYE, EAR, TEETH).

e [mitation (iconic) signs—their course and nature resemble the typical charac-
teristic of an object or phenomenon they represent (they are visually motivated).
Their meaning is therefore easy to comprehend. Iconic signs enable commu-
nication about objects which are physically not near the speaker (e.g. signs
indicating a car, HOUSE, TO SLEEP, TO EAT). Iconic signs are divided into
the following groups:

— transparent signs, whose visual motivation is clear, and the sign is com-
prehensible even for non-signers (e.g. TO DRINK, TO RUN, TO BRUSH
ONE’S TEETH);

— translucent signs, which are visually motivated, and yet meaning is compre-
hensible only to signers (e.g. the signs for YEAR, SOCK, OCTOBER). The
distinction between transparent and translucent signs is blurred, mainly be-
cause it is impossible to objectively quantify the degree of visual motivation
of a particular sign.

e Arbitrary signs—abstract, agreed signs, which evolved for a long time. They
refer to abstract qualities and events and need to be taught to make sense (e.g.
the signs for TUESDAY, SON, ILL).

Traditional vocabulary forms of signs may, however, change significantly due
to incorporation, context, and current communication situation in everyday com-
munication in Czech SL. The typically iconic sign of CHAIR, for example, may
be replaced by simply pointing to a chair if the chair the speaker mentions is near
said speaker. In this case, a deaf signer spontaneously uses a deictic sign to denote
a particular chair.

A special component of the lexical aspect of sign languages is specific signs,
which are a typical part of the intra-cultural communication of the Deaf, namely
of native signers (cf. Vysucek, 2008). Specific signs, also referred to as multi-
channel signs or Deaf Signs (cf. Lawson, 1983; Engberg-Pedersen, Hansen, 1986),
do not have any exact counterparts in spoken languages (such as Czech). Their
semantic meaning needs to be described using multiple words, and the meaning
often varies from the perspective of the spoken main language—exact meaning
depends primarily on context (hence specific signs). They often carry a positive
or negative emotion, express a mental state, the attitude of the speaker to someone
or something or the internal evaluation of something.
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Syntax

Czech sign language is simultaneous, and the arrangement of words (signs) in
a sentence in Czech sign language differs considerably from spoken Czech in the
use of incorporation, classifiers, word (sign) order, active use of three-dimensional
space, non-manual means in syntax and the communication function of the utter-
ance.

Formation of interrogative sentences is considerably different on the syntactic
level in the Czech language and in Czech SL. Questions in Czech SL, similarly
to spoken Czech, fall into yes/no questions and WH-questions. In addition to lex-
ical means, the non-manual component of a sign and the location of interrogative
expressions (pronouns, adverbs) play a key role in Czech SL, unlike in spoken
Czech. Facial expressions (raised eyebrows and intense visual contact in partic-
ular) distinguish statements from interrogative sentences. In addition to being
a distinguisher, the non-manual feature serves pragmatic (alerting that a response
is expected), regulatory (signalling the beginning and end of a conversation), and
reference (identifying and locating the speaker) purposes.

The basic lexical means contained in questions in Czech SL are the interrog-
ative expressions (pronouns and adverbs). These include, according to Hronova
(2002), WHO, WHAT, WHERE, WHEN, HOW MUCH, HOW MANY, AND
WHICH. These interrogative expressions do not inflect in Czech SL, unlike in
spoken Czech. Their form remains unchanged, in contrast to, for example, com-
pliant verbs in Czech SL which autonomously express the grammatical person and
number of the subject and object, without having to use a name proper or pronoun
to indicate meaning. Analysis of the spontaneous communication of Czech deaf
people revealed that some of the interrogative expressions which are autonomous
in spoken Czech are replaced in Czech SL by a single umbrella interrogative sign
and vice versa (e.g. the sign for WHO = the first, second, third, and sixth case of
Czech ‘who’; the Czech “which” is signed as WHO, WHERE, WHAT in Czech
SL depending on context). Students of Czech SL need to be aware that questions
in Czech SL do not follow the word order and grammatical structures of the Czech
language, nor are questions created by replacing Czech words with sign language
counterparts.

An essential specific property of Czech SL, which is common in everyday Czech
SL communication is incorporation, which takes advantage of the simultaneity
and existence of sign language in three-dimensional space. Incorporation refers
to the penetration of other qualities into the vocabulary forms of Czech SL signs
and to their contextual and content modification using manual and non-manual
components (several different signs are incorporated into one another). Incor-
poration and the non-manual components of signs help express the grammatical
component of utterance. It is an inherent and integral part of Czech SL.

Several types of incorporation are used in Czech SL, for example:

e time incorporation (for example “last week” can be expressed in Czech SL with

a single integrated sign composed of modified signs for LAST and WEEK);

e quantity incorporation (e.g. 3 HOURS, 2 MONTHS, 4 YEARS);
e manner incorporation (e.g. RIDE FAST/SLOWLY);
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e incorporation of the subject into the verb (e.g. DRINK FROM THE BOT-

TLE/TAP/CUP, SHAVE WITH AN ELECTRIC/MANUAL RAZOR);

e direction incorporation (e.g. RETURN TO ME/SOMEONE, ASK ME/SOME-

ONE);

e negation incorporation (for example, by articulating the sign I HAVE while
shaking the head from side to side to convey “I don’t have”).

Incorporation can also be classified based on the parts of speech concerned (cf.

Servusova, 2008):
noun + numeral,
pronoun + numeral,
noun + adjective,
verb + adverb,
verb + noun,
verb + pronoun.
Hearing people who are starting to learn Czech SL often struggle to understand
deaf Czech signers when they use incorporation as the incorporated signs differ
substantially in many cases from the vocabulary form which the hearing are famil-
iar with. On the other hand, the failure to use incorporation by the hearing makes
signing difficult to understand for the deaf as the resulting language is Czech SL,
or spoken Czech supported with signs.

Another difference between Czech SL and spoken Czech is the use of clas-
sifiers. Classifiers are morphemes associated with other signs and representing
a certain meaning (cf. Karlik, Nekula, Pleskalova et al., 2002; Cerny, 1998). They
are referred to as representative signs. In spoken languages, classifiers most of-
ten represent shape, material, consistency, size, layout, quantity and location. In
Czech SL, classifiers are used mainly to specify information about the location of
objects, their size, shape and also to facilitate spatial orientation. They are most
often associated with verbs and nouns. Classifiers also serve as vehicles for the
introduction of new signs in Czech SL, enriching the language’s lexicology.

Classifiers are grouped into four elementary types (Motejzikovd, as cited in
Servusova, 2008):

e whole entity classifiers—representing objects with certain identical features;

e [imb classifiers—they describe the motion of human or animal limbs based on
what is typical for them;

e handling classifiers—they represent the size and shape of an object by the way
it is held and moved;

e shape and dimension classifiers/specificators—they give a detailed characteri-
zation of the appearance of objects.

The possibility of classifiers and incorporation grants Czech SL with another
specific property—a mimetic description (space visualization), which enables
a detailed, simple, and rapid description of the features of a given object. The
visual-motor three-dimensional nature of sign language allows for active use of
the available signing space. Holubova (2006) argues that space and its use is nec-
essary in sign languages due to the visual-motor nature of sign language itself and
because it participates in grammar—sign morphology, syntax and semantics.
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Sign languages distinguish between a topographic space and a syntactic space.
The topographic use of space corresponds to the actual distribution of objects
(things, people, etc.) mentioned in the communication, including their spatial
context (such as mutual position, distance, and height) displayed on a certain
scale. The organization of syntactic space is, however, arbitrary, and the meaning
of spatial contexts is abstract (related to a given reference point, which represents
a certain semantic sign) (cf. Engberg-Pedersen, 1986).

Variation of the Czech sign language

Several varieties of Czech sign language are used, as in the case of spoken Czech.

The national spoken Czech language has, for example, a formal variety (standard

Czech), used mainly in official communication and in written form, and a conver-

sational variety (colloquial Czech), which people use in personal communication.

Speakers of any language (including Czech SL) spontaneously alternate between

different language codes and varieties, and depending on the particular situation,

diglossia is often observed. Diglossia maintains social intensity and solidarity

within a community (cf. Homolac, 1998).

The Encyclopaedic Dictionary of Czech (cf. Karlik, Nekula, Pleskalova et al.,
2002, p. 113) defines diglossia as “a stable linguistic situation in which all the
speakers of the same linguistic community use two variants of the language—one
tends to be socially considered higher and is not used in everyday communica-
tion, while the other has a lower standing and is the mother tongue of the speak-
ers.” Surveys of American Sign Language (ASL) reveal the following findings:
.. .diglossia determines that English is an adequate language for communication
with hearing people (outside people), while ASL is suitable for communication
with deaf people. Diglossia serves as a buffer between the hearing community
and the deaf community” (cf. Homolac, 1998, p. 7).

The variability of Czech sign language is natural, developing over time and
manifested primarily in its lexical component (stock of signs).

The most common causes of the varieties include:

e natural development of signs;

e influence of Czech SL grammar (incorporation etc.);

e regional aspect (similar to regional dialects in the spoken Czech language, dif-
ferent areas of the Czech Republic use different signs of the same meaning);

e social aspect (educated deaf people highly competent in Czech incorporate el-
ements of Czech into their signing);

e generational and age aspect (younger Czech signers use different signs in some
situations compared to older signers; baby sign language is significantly sim-
pler and more transparent compared to the sign language of deaf adults).
General information about the features of sign languages and about Czech sign

language in particular suggests that Czech SL is an integral language system in

compliance with the definition set out in Act on the Communication Systems
of Deaf and Deaf-Blind People No. 155/1998 Coll., as amended by Act No.

384/2008 Coll. Czech sign language is also a basic means of communication be-
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tween teachers and children with severe hearing loss, and is an integral part of
the education systems of simultaneous, total, and bilingual communication (cf.
Gregory et al., 2001; Hruby, 1999; Jaburek, 2004).

Research into Czech sign language

Research on national sign languages has grown considerably over the past decades

in many countries around the world. The Czech Republic launched research into

Czech sign language as late as 1993, and the majority of it is carried out by the

group around the linguist Alena Macurova. The original goal of the research was

tied to practice, as schools for children and youth with hearing impairment had
begun to point out the inconsistency of signs of Czech sign language and called
for their unification and a general definition of which signs were “correct” and
which not. The call concerning the lexical component of Czech sign language
cannot be fulfilled until Czech sign language has been described in full, including
all its components. The research led by Macurova is aimed at collecting all the
data and provides a thorough description of Czech sign language.

According to Macurova (in éervenkové, 1997), Czech SL research is mainly
focused on the following three overlapping areas:

e the use and distribution of Czech SL, its social status and attitudes towards
Czech SL;

e the structure of Czech SL;

e Czech SL and thinking.

The launch of the research on Czech sign language rested on three elementary
fundamentals:

o the first is the assumption that Czech SL is a complete human language with
a structure comparable to spoken languages (the Czech language, for example);

e another fundamental assumption is that Czech SL and spoken Czech have equal
functions, in addition to a comparable structure—each language is adapted to
fulfil the tasks it is assigned;

e the final elementary fundamental position states that Czech SL language and
spoken Czech are fully independent from one another and unrelated.
Macurova (in Cervenkovd, 1997) also presents three levels on which the lin-

guistic study of the structure of Czech SL is based:

e The first is the basic differentiation and description of the fundamental language
units without a meaning of their own but which contribute to the differentiation
of the language (phonemes). It is therefore necessary to identify and describe
all meaning-distinguishing handshapes, the different sign locations, the types
of movement, etc. and define what creates meaning and what is a mere variant.
The identification and excerption of Czech SL phonemes are conditioned by
the scientific notation of the canonical form of the signs—notation of Czech
sign language (see below).

e Another level is the study of the lexical aspect of Czech SL. The signs are
studied in terms of their regional and generational differences; research also fo-
cuses on the semantic relations between signs, the methods of their derivation,
the development of new signs, etc.
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o The third area of research consists of Czech SL grammar, the relations between
signs and the ways they are combined into higher units (sentences).

The primary objective of the research is a comprehensive description of Czech
sign language (the lexical and grammatical aspects). The methods of research
and linguistic description of Czech SL are vastly different from methods used in
the research of spoken languages due to the different mode of existence and spe-
cific features of sign language. Major difficulties in the research of Czech sign
language become apparent, according to Macurovd and Bimov4 (2001), already
during the collection of linguistic data. The best option of the researcher being
anative speaker of the language under study is not available in the Czech Republic
due to the shortage of linguistically trained instructors of sign language. Elicita-
tion method was therefore used to describe Czech SL, although it is problematic
and its credibility questionable.

The problem and pitfall of the elicitation method is, in particular, the fact that
the language data are obtained from native users through asking questions in the
language of the researcher. It is assumed that informants (native speakers of the
language under study) have a good knowledge of the language of the researcher,
understand its structures and are able to find counterparts in their language. Czech
deaf people are, however, not very competent in spoken Czech. Another problem
with the elicitation method is how to ensure a true representative sample of the
autonomous language under study. The language may reflect the language of
the researcher (language interference) as “users of low-status languages (includ-
ing sign languages) ‘upgrade’ their responses in an ‘elicitation situation’ towards
more prestigious language variations, and in the case of sign languages toward
varieties closer to the majority language” (cf. Macurovd, Bimovd, 2001). The
danger is high in the case of the research of Czech sign language.

While other research methods remain unsuitable for the study of Czech sign
language, the first Czech deaf people trained in linguistics have begun participat-
ing in research in recent years. Macurova designed a system inspired by linguis-
tic studies of American Sign Language to describe the lexical units of Czech SL
(signs) (cf. Macurovd, 1996; Okrouhlikova, 2008).

Comprehensive research of Czech SL is a long-term project. Itis vital, however,
to the acquisition of high-level communication skills, as a full application of total
and bilingual communication systems in the education of children with hearing
impairment requires excellent instruction material used for teaching the sign-stock
and, particularly, the grammar of Czech SL. Such textbooks are not available on
the Czech market yet.

The status of Czech sign language

Sign language can be implemented in the everyday life of the deaf and approaches
using sign language (bilingual communication, total communication and simulta-
neous communication) can be introduced in the education of the deaf only if sign
language is recognized as an independent language equal to spoken languages.
The status of Czech sign language is, however, low due to being officially sup-
pressed and prohibited for many years. Improving its position is a challenge for
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years to come. Although sign languages are a natural means of communication for
people with hearing impairment, they have always had to “fight” for recognition
in the majority hearing society. This was mainly due to the fact that the hearing
were unwilling to accept that sign languages were different and grant them the
status of independent language systems.

The current status of Czech SL and its development is the result of many years
of suffering from official repression and prohibition. Czech SL was purposefully
degraded in the eyes of the public and the deaf. The persecutions prevented it
from developing naturally; nor was it ever researched linguistically (in contrast to
for example ASL, British Sign Language, and Scandinavian sign languages). This
extreme approach has led to the fact that part of the deaf community themselves do
not consider sign language to be a language (despite communicating in it happily).

The importance of sign language was subsequently confirmed on the interna-
tional level. Expert collaboration between ten countries prompted UNESCO fto
issue the following resolution in 1984

1. the deaf child should have access to both spoken language and sign lan-
guage,

2. sign language should be recognized as a legitimate linguistic system and
enjoy the same status as other linguistic systems.

Under continuing pressure on the UN from the World Federation of the Deaf to
take sign language under its auspices as part of its language minority policy, and
prevent its possible suppression by oralism, the European Parliament officially
approved a sign language resolution for the twelve countries of the subsequent
European Union in 71988. It recommends:

1. recognizing the sign language used in every Member State;

2. seeking ways to remove obstacles sign language faces;

3. encouraging Member States to introduce measures to establish, support, and
develop a) research into sign language, b) sign language instruction, c¢) sign
language interpreting, etc. (cf. Jabirek, 1998)

Influenced by new scholarly findings published abroad, the Czech Republic
began implementing the recommendations and resolutions above in the early
1990s. The Czech Federal Assembly added Paragraph (2) to the then School
Act No. 171/1990 Coll., Section 3, on 3 May 1990, which read: “Deaf and
blind people have the right to education in their language using sign language
or Braille” (cf. Hruby, 1999, p. 327).

One of the most significant initiatives improving the status of Czech sign lan-
guage was the adoption of the Sign Language Act No. 155/1998 Coll. in 1998,
which recognizes Czech sign language as equal to other languages, such as Czech,
German and English. Deaf citizens have, similarly to hearing citizens, the right
to obtain information in their language. The law grants people with hearing im-
pairment the right to communicate with hearing people in sign language. Sign
language fully replaces spoken language in the communication of deaf people,
and is as indispensable to people with hearing impairment as spoken language is
to hearing people. The law states that deaf people are entitled to communication
support when visiting a doctor, attending court, at a public meeting, etc. A special
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provision of the Ministry of Education, Youth and Sports of the Czech Repub-
lic set conditions for free communication support for deaf secondary school and
university students.

The Sign Language Act was amended and renamed ten years later as the Act on
the Communication Systems of Deaf and Deaf-Blind People No. 155/1998 Coll.,
as amended by Amendment No. 384/2008 Coll. The amended version of the
Act mentions the tactile version of Czech SL for the deaf-blind (and other spe-
cific communication systems for people with deafblindness) and removes the term
“sign language” from the entire wording of the Act, including related laws.

Research into Czech sign language has opened up broad possibilities. The
status of Czech sign language has been rising and its current linguistic research
and increasing popularity among the lay and professional public point to further
growth and development. The future of Czech SL depends on all the stakehold-
ers who are in direct contact with Czech SL (parents, experts, teachers of children
with hearing impairment, and, in particular, the deaf community). A positive trend
is that today’s undergraduate deaf education programmes provide theoretical and
practical training and require the students to learn Czech SL. Research into Czech
sign language has opened up broad possibilities. Introducing sign language into
educational programmes, raising public awareness, and promoting its wider social
use also depends on its further development and improvement. Its status will grow
with the creation and documentation of the stock of signs (sign language dictio-
naries and video recordings) and with further research into the language system.
Equally important is popularization and instruction of sign language.

1.6 The study and lexicography of sign languages

Comprehensive and effective communication, and hence the harmonious develop-
ment of deaf children, is only possible if the parents and educators of children with
hearing impairment are able to adequately communicate in the relevant sign lan-
guage. Given the specifics, the study of sign language differs considerably from
the study of other foreign languages. Macurova (2001) explains that truly suc-
cessful acquisition of sign language is possible if the student accepts its otherness
and understands that “other” does not mean “worse”. While learners studying
a typical foreign language (e.g. French or German) have no doubt about the in-
dependence and distinctiveness of the language (own lexicon, grammar, history,
etc.), in the case of a national sign language the subject is underestimated and
undermined, notably in relation to the national spoken language.

The fundamental contrast between spoken foreign languages and sign language
is the different mode of existence. Sign language requires learners to use means
of expression which they have not yet had to use (or to a small extent) in their com-
munication in spoken language, and which consequently do not feel natural. The
means include the exact and sometimes complicated positions of palms and fin-
gers, movements of hands, head and whole body, use of three-dimensional space
and facial expressions. Hearing users of a spoken language (which is linear) also
struggle with the simultaneity of sign language.
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Sign language is usually a secondary language (their primary, mother tongue
is the national spoken language) for hearing learners, and as such it is consid-
ered a “second” language. The authors of the ASL teacher handbook (in Jabirek,
2000) define the following basic principles of the instruction and study of a sec-
ondary language:

e the aim is the ability to communicate in the target language;

e the most fundamental factor in learning any language is appropriate contact
with the language;

o the student needs to be inspired, motivated, and have an opportunity to com-
municate in the target language;

e dialogues, practising, communicative activities, and games are the basis for
meaningful contact with the target language;

e language instruction, specifically with adults, is partly a conscious process, not
a mere imitation of the instructor. Students should be aware at all times of what
they communicate;

e mistakes are made during instruction, and they are an important and integral
part of the process.

Macurova (2001) argues that, as with any foreign language, instruction of sign
language needs to focus on the stock of terms (signs) of the language (learning
signs as headwords) and on its grammar (learning how the canonical forms of
signs change in sentences and how sentences are built in sign language). Learn-
ing the signs (their manual component, to be more precise) is the easiest part of
studying a sign language. It is, however, far from the only aspect students need to
learn to master the sign language (as it is impossible to learn English, for exam-
ple, by studying a Czech—English dictionary).

Focusing on the lexical component of sign language and underestimating its
grammar results in the acquisition of communication competence in the signed
national language (Czech SL in this case), instead of the national sign language.
Grammar is conveyed in sign languages by facial expressions and movements of
the head and upper torso. “The movements and positions of these body parts
do not play a current role in sign language, something which may, but does not
need to accompany what the hands express. On the contrary: non-manual compo-
nents are a ‘mandatory’ part of sign language and have grammatical validity—
they carry grammatical meanings, similarly to endings in spoken Czech” (cf.
Macurovd, 2001, p. 74).

The acquisition of communication competence in sign language is conditioned
by systematic theoretical and practical study. Understanding the specificity, fea-
tures, and theoretical structures of the sign language facilitates and accelerates the
practical training and acquisition of the language. Practical skills in sign language,
in turn, improve insight into its theoretical background. The two components—
theoretical knowledge and practical skills—need to be developed simultaneously
and on a complementary basis. Another prerequisite for mastering sign language
is knowledge of the specifics of the culture and communication standards of its
natural users, namely the deaf (the Deaf).

Hearing people have three options in terms of acquiring communication com-
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petence in sign language: self-study, a sign language course and spontaneous
communication with a deaf signer. Each method has its advantages and disad-
vantages, and the best results are achieved by combining them systematically.
The fastest way to acquire communication competence in sign language is to take
engaging language classes. High-quality language courses are taught by sign lan-
guage instructors who are sufficiently competent in sign language and have ade-
quate teaching skills. The best instructors in terms of language competence are
deaf signers. Deaf instructors are, however, often inadequately trained in sign
language theory and lack the necessary teaching competence. Hearing, pedagog-
ically competent, and knowledgeable instructors, on the other hand, often lack
sufficient communication competence in sign language, teaching signed language
instead of sign language. Instructors with a full linguistic and teaching compe-
tence are unfortunately rare.

Potentially deficient competence in sign language instructors could be at least
partially eliminated if the instructors had high-quality methodical material avail-
able, which would offer information and suggestions they could apply in class.
Students should be able, however, to use high-quality instructional material. Ef-
fective study of sign language and adequate communication competence thus re-
quire a comprehensive and dynamic approach. Self-study supported by instruc-
tional material should be conceived as preparation for direct communication and
revision of what the student has learned. Sign language courses led by a compe-
tent instructor help the student quickly acquire a certain communication compe-
tence, which can only become advanced following direct and repeated communi-
cation with the deaf.

The lexicography of sign language is responsible for compiling sign language
dictionaries, which are a useful tool for studying and later communicating in sign
language. The first sign language dictionaries began to appear at the end of the
eighteenth century, drawing on the work of Abbe de I’'Epée, who incorporated
sign language in the education of people with hearing impairment. Signs were
primarily described with words, later supplemented by pictures of the sign. The
first dictionary of sign language compiled in line with the linguistic lexicographic
principles was published in the USA in 1965 by William Stokoe and his team
(Okrouhlikova in Slanska-Bimovd, Okrouhlikova, 2008). The first publications
and dictionaries of Czech SL and Czech SL (referred to as “sign language” at that
time) appeared in the Czech Republic (Czechoslovakia) in the 1980s. The total
production published to date includes about twenty books and serial publications,
five video and DVD programmes, fifty multimedia CD-ROMs and DVD-ROMs,
and four online dictionaries.

Although the number of dictionaries and materials designed for the study of the
signs of Czech SL and signed Czech is high, none are focused on teaching Czech
SL grammar. Face-to-face instruction and communication with signers is the only
option available to learn the grammar of Czech SL.

Printed textbooks and vocabularies (dictionaries) remain popular among stu-
dents of foreign languages. The main reason is that they are easily available and
cost-effective. The requirements and demands on sign language dictionaries vary
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considerably from common foreign language dictionaries due to the specific fea-
tures of sign language. Given the current technology, the printed form is outdated
and inadequate in the case of sign language dictionaries. Books, by their nature,
allow for only a static description of information, while sign language is a visual-
motor communication system. As it uses three-dimensional space as well as non-
manual components, it is difficult to capture the sign implementation accurately
and precisely if we are limited by the immobility of the image. All manual com-
ponents of a sign, including the movement of the hand (or both hands), can only
be captured in books with a verbal description of the implementation of the sign
and a still photograph (or picture), complemented with arrows or other auxiliary
marks. The non-manual components of signs are nearly impossible to capture,
apart from a not particularly exact verbal description.

Sign language educational videos began to emerge in the early 1990s. The
videotape, as a carrier of signs of the relevant sign-stock, is able to accurately cap-
ture the implementation of the interpreted sign, including its non-manual compo-
nents, in comparison with the static images presented in books. Unlike a book, it
is able to illustrate how isolated signs are combined into coherent messages, incor-
poration in sign language, work with space, classifiers, mimetic description, and
other specific features of sign language. Coherent narrations (dialogues) serve to
illustrate the grammar structures of sign language using examples. A high-quality
video player allows for slow motion playback as well as frame advance and freeze
frame, which is useful for detailed study of the utterance or sign.

The limitations of VHS tutorials are, apart from the requirement to use costly
technical equipment, the poor search options, specifically when searching for
a particular expression, and the gradual wear and tear of the tape and video record-
ing. VHS tutorials have been replaced by DVDs, but these are not very popular
as modern computer technology seems to be much more advantageous.

The multimedia nature of electronic sign language dictionaries enables the
combination of audio, text, and visual (images or videos) communication, which
the previous forms of dictionaries were unable to offer. The interpretation of
signs with digitized film clips is dynamic, faithfully capturing the implementation
of a sign, which can be played back at any speed or frame by frame. The high
operational speed of current modern computers also enables rapid searching in the
dictionary, organization of signs into thematic units or lessons, and searching for
specific signs according to a variety of criteria (Langer, 2007, 2008). Similarly to
videotapes, multimedia are able to present both isolated signs of Czech SL and
narrations and dialogues. It is the best instructional material designed specifically
for self-study and homework (cf. Langer, 2000).

In addition to rapid orientation in an electronic dictionary, easy retrieval of
entries, and the ability to play the sign recording clip at any speed, multimedia
instructional material offers many other features. All signs can be viewed from
several angles (the front and the side perspective by default, possibly also a de-
tail) so that all the phases of the sign are clearly visible. The meaning of the signs
or their Czech equivalents can be clarified using brief definitions, pictures, spo-
ken commentary or another short video explaining the meaning in sign language.
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Practising and verifying the signs the student has learned is useful from the di-
dactic perspective. The experience of users of multimedia dictionaries and sign
language instructional material suggests that electronic products are highly rele-
vant and beneficial for the study of Czech sign language. User feedback indicates
that multimedia products facilitate intensive self-study and thus allow for using
face-to-face instruction for practice and conversation.
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2 QUANTITATIVE LINGUISTICS AND BEYOND

2.1 General information

When you can measure what you are speaking about,

and express it in numbers, you know something about it.

When you cannot measure it, when you cannot express it in numbers,
your knowledge is of a meager and unsatisfactory kind;

It may be the beginning of knowledge,

But you have scarcely, in your thoughts, advanced to the stage of science.

Lord Kelvin

To be able to express what we measure in the realm of linguistics in numbers,
we use services of mathematical linguistics which attempts to describe and model
the language with mathematical, mostly quantitative methods. The methods to be
used which are at hand are either symbolic (algebraic, formal), statistical or gen-
erally quantitative, or a combination of the mentioned. A very significant function
with which mathematics can contribute to the development of linguistics is pre-
cise setting of hypotheses once qualitatively felt and enunciated in a quantitative
way which is the only way to have the chance to verify them or falsify.

The VIIIth International Linguistic Congress in Oslo in the year of 1957 is re-
garded as the official origin of mathematical linguistics. Mathematical linguistics
as such can be seen as an opposite to qualitative linguistics, one might say an
opposite to “traditional linguistics”. We would like to prove here that traditional
might not always mean qualitative by an insight into the history of quantitative
linguistics. And we would also like to mitigate the tension which is sometimes
felt between qualitative and quantitative linguistics.

Currently, mathematical linguistics is understood as four independently de-
veloping scientific branches, i.e. quantitative linguistics (having sometimes been
called also as statistical linguistics for its ample involvement of statistical instru-
ments; we, nevertheless, would like to stress that “statistical” need not always
mean “quantitative”, yet it is a subset, cf. further in the text), algebraic and ma-
chine linguistics. Corpus linguistics is the fourth one. The most swiftly devel-
oping branches are machine linguistics due to worldwide computer utilization,
and quantitative linguistics whose instruments are, by the way, employed in this
research. Thus, we will, in a few words, first discuss the other branches.

65
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Algebraic linguistics (cf. e.g. Sgall et al., 1973), does not use statistical meth-
ods for linguistic research. Its origins can be found in the second half of 19th
century, when formal logic developed dramatically and it was accompanied with
abstract and non-quantitative procedures. The name of this discipline was pro-
posed by Y. Bar-Hillel in the second half of the 1950s. Algebraic linguistics
occupies with the analysis of arranged chains of language units, above all on the
syntactic language level. To name at least a few iconic works—among the most
known and most important there are the generative grammar by Noam Chomsky
(cf. Chomsky, 2002), functional generative description by P. Sgall, application
generative model of the language by S. K. Saumjan, recognoscative and categori-
cal grammar, analytical language model, dependency grammar and others.

In the second half of the 20th century, the development of information tech-
nologies started to rocket, which was caused directly by accelerated growth of
information volume which called for being processed or at least stored. Machine
(sometimes called computer or computational) linguistics links and applies prac-
tically theoretical quantitative and algebraic linguistics. Working with computers
and searching for information from worldwide brought the quest for text interpre-
tation. The necessity to find the way to interpret texts quickly using computers
proved in a way to be a big challenge. The problem appeared above all in the se-
mantic component of natural languages which has resisted any particular descrip-
tion most and therefore resists also to the transfer to any other natural language
via computer. However, machine linguistics assists also in other activities, e.g. the
spectral analysis of speech, processing frequency lists etc. When processing these,
we rely above all on computer accuracy, capability of computers to process huge
amounts of data and on computer operation speed. In connection with the use of
text analysis and data in general in the humanities, the subject of Digital Human-
ities is now being discussed. This discipline is not methodically defined, it takes
the tools for material processing from the disciplines discussed above, the com-
mon goal of this discipline is to discover new knowledge in humanities research
through the processing of large amounts of data or more complex data analysis.

Quantitative linguistics focus is defined by Marie TéSitelova in the following
way: “Quantitative linguistics is a subset of mathematical linguistics which quan-
tifies (finds out quantitative data) phenomena of various language levels and mod-
els their relations realized in the sentence, in the text so that we are able to discover
their causal mechanism, their operation, their formal aspect, but also the semiotic
one. Since statistics has mostly been used when applying quantitative methods in
linguistics, it is sometimes denominated as statistical linguistics. It is, however,
a denomination narrower than the one of quantitative linguistics. Therefore, it
is not possible to exchange one for the other in all cases” (cf. T&Sitelovd, 1987,
p- 8-9).

This branch of mathematical linguistics, recognized for applying quantitative
methods, is deep-rooted already in the work “Janua linguarum reserata” by Jan
Amos Komensky (cf. Komensky, 1959), where he showed how it is possible to
use the knowledge of word frequencies for foreign language teaching. Among
others who drew attention to employing quantitative methods in linguistics in the
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19th century, there definitely was also German mathematician and one of the most
important members of the Russian mathematical school V. J. Bunjakovskij. At
the end of the same century neogrammarian Herman Paul enunciated that the lan-
guage is a statistical average of language manifestations of all its users; then, he
uses the term of an invariant sound in phonetics. A quantitative point of view
can be found in an interesting work by Martin Hattala — Initial consonant clusters
in Czechoslovakia (1870). Hattala combines phonotactic and quantitative aspects
and foreshadows interest in frequency in word-formation issues. Frequency as an
explanatory factor of language development appear rarely until the sixties of the
twentieth century—e.g. Igor Némec (1971) explains the development of synony-
mous word-forming means based on the frequency of members of phonological
opposition in suffixation a hundred years later in a very innovative way and in
connection with the theory of information. As far as language development and
diachronic linguistics are concerned, glottochronology has become the most in-
fluential application of quantitative methods in this field. This lexicostatistic ap-
proach uses words that are resistant to borrowing to express the genetic kinship
of languages. This is done by a quantitative analysis of a list of such words (loan-
words) from different languages. The Swadesh list (see Swadesh, 1955) is used
for this purpose, its modifications are currently being used (see Leipzig—Jakarta
list, Haspelmath, Tadmor, 2009).

In the 80s of the same century, mathematician August Seydler used probabil-
ity instruments to decide on authenticity of so called “Rukopis kralovedvorsky
a zelenohorsky* (cf. Seydler, 1886). Almost a hundred years later, in the year
of 1962, Americal statisticians Frederick Mosteller and David Wallace attempted
to find in the language of texts in Federalist papers structures assisting to de-
termine the author by means of the power of Bayesian inference and the com-
putational power, extraordinary for that time. Quantitative methods of text at-
tribution are represented by Vasdk, 1980—these are methods of text attribution
based on text metrics such as type token ratio, average sentence length, etc.
Holmes, Robertson, Paez, 2001 talks about traditional and non-traditional deter-
mination of authorship—authorship attribution on the basis of quantitative anal-
yses is considered as innovative, in this period mainly associated with the use
of function words and their distribution in texts, using the methods of Machine
Learning or natural language processing (see Rudman, 1998; Burrows, 2003; Bi-
nongo, 2003; Baayen et al., 2002; Juola, Baayen, 2003; Diederich et al., 2003;
Zhao, Zobel, 2005). A quantitative analysis of the text (e.g. Yule, 1938, 1944)
heralded this rapid development of authorship attribution in relation to the dis-
tribution of linguistic phenomena in the text—e.g. the Federalist letters analyses,
which is a famous case in this field of study (cf. Juola, 2006). For the authorship
attribution the distribution of linguistic phenomena in the text reflects the uncon-
scious authoring means of text creation. In connection with the use of quantitative
methods for the analysis of a literary work or text in general, it is referred to as
stylometry.

In the 1870s, William D. Whitney studied as one of the first linguists frequen-
cies of (English) vowels. Incidence frequency is one of the most important step-
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ping stones of quantitative linguistics important not only for linguistics itself, but
also for e.g. methodology of language teaching (how to pick up the most impor-
tant vocabulary for language students on different levels), until recently also for
printers, stenographers (the busiest words match to the simplest symbols), for de-
signing and producing of various games and brain teasers etc. Also Samuel Morse
used the knowledge of letter frequencies when designing his alphabet; he chose
the simplest sign for the most frequent letter etc. The first frequency dictionary
appeared at the very end of the 19th century. It was gathered by German stenog-
rapher F. W. Kéding (cf. Kdding, 1897). The development of phonetics at the turn
of the twentieth century enjoyed a statistical perspective very much—it is related
to the experimental nature of the discipline. In this context, statistical aspects
have also been reflected in the formulation of basic structural concepts—although
structuralism is largely ignoring the quantitative point of view in linguistics. An
example is the concept of flexible stability (or dynamic equilibrium) which de-
scribes relationship of language system (langue) and linguistic use (parole) by
V. Mathesius (1970), where the abstract system of linguistic values in the sense of
the phonological system is derived based on the different form of units in the text.

At the beginning of the 20th century, Russian mathematician Andrej A. Markov
contributed significantly to the development of quantitative linguistics with his
analysis of “Eugene Onegin” (cf. Markov, 1913), where he concluded that in
every utterance part, it may be anticipated with a certain level of probability
which language units would follow. The information volume can, therefore, be
measured—this significant theory is called the Markov process. Speech is then
according to Markov a process in which the already produced language units are
followed by others by the relative frequency which is mandatory for the given lan-
guage. The relation holds for unit frequencies (including also gaps), probabilities
that a unit is followed by another and the fact that different units bear different
information rate. This knowledge is closely linked to the so called theory of in-
formation. It says that the highest information rate is borne by the unit which can
be estimated hardest in advance. The probability of language unit incidence is
directly proportional to the frequency of the given unit in the language.

This research was contributed in the 1920s and 1930s by American linguist of
German origin, Harvard university professor George Kingsley Zipf. He studied
the relative vowel frequency and found out that vowels and their classes in dif-
ferent texts have the same frequency. In all languages, the number of voiceless
vowels is approximately two times higher than the number of voiced vowels. And
the more difficult it is to articulate vowels, the lower frequency they have, which is
connected to the principle of economy, of least effort in the language, i.e. the the-
ory that one single primary principle in any human action, including verbal com-
munication, is the expenditure of the least amount of effort to accomplish a task;
(cf. e.g. Zipf, 1949; Benesova, Faltynek, Hadwiger, 2014; Piantadosi, 2014).

The other half of the 20th century brings a huge development of quantitative
linguistics which is to a high extent caused by the simultaneous development of
information technologies enabling processing of huge amounts of data automati-
cally. For nice surveys in this field, see e.g. Kohler, Altmann, Piotrowski (2005);
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Kohler, Hoffmann (1995); Tuldava (1995). Czech linguist Ludék Hfebicek (for
more details see below) writes that “the real linguistics of the other half of the 20th
century is Altmannian linguistics” highlighting the contribution of German quan-
titative linguist, born in Slovakia, Gabriel Altmann (cf. Hfebicek, 2008). Profes-
sor Altmann always highlighted precise formulation of scientific laws and testable
hypotheses, i.e. hypotheses which can be verified or falsified at best by means of
statistical methods. Altmann also made the formulation of several linguistic laws
originally formulated more or less in a qualitative way precise so that they could
be tested in a quantitative way, e.g. the Menzerath—Altmann law, cf. further in
the text. Gabriel Altmann is, by no means, one of the founders of quantitative
linguistics.

Not only in the context of Czech linguistics, we must not forget Lud¢k Hrebicek,
Czech orientalist and quantitative linguist. He attempted to promote quantitative
linguistics at time when it was not actually very popular (cf. e.g. Hiebicek, 2002,
2008). He then performed many experiments based on language samples of dif-
ferent languages, tested hypotheses walking the Altmanninian line (cf. Hiebicek,
1997, 2000, 2002, 2007). Nevertheless, he contributed with own well-processed
ideas; to name at least some, we stress experimenting with suprasentence struc-
tures (he called them the aggregates), which drew him to other higher language
structures above which there might remain only biological brain functions. He
saw the language as a fractal entity so tended to go further than many of his con-
temporaries. He attempted, in his latest studies (cf. Hfebic¢ek, 2007, 2007b), study
semantics. This extraordinary attempt yet remained unfinished. He inspired many,
we would at least like to mention works of the authors of this book, mentioned in
the resource list.

The beginning of the 21st century brought a new wave into quantitative linguis-
tics efforts. There appeared overlaps of quantitative linguistics and other, border
or often non-linguistic sciences. Thus, we can even read works of fields out-
side linguistics utilizing quantitative linguistics methods. To name at least some,
we mention the DNA analysis via quantitative linguistics methods, biosemiotics,
psychology and psycholinguistics.

Manifestation of (not only) linguistic laws have been tested utilizing genetic
texts (cf. Bolshoy, 2003). Some linguistic methods have traditionally been used
in analyses of genetic texts e.g. on taxonomic purposes (Damerau—Levenshtein
distance; cf. Damerau, 1964). In this scientific field, the research of linguistic
laws is performed, an example can be employing the Zipf law for predicting the
function of non-coding DNA (so called junk DNA; cf. Havlin et al., 1995). In
this field of linguistic analyses of the genetic text, the researches of the Zipf law
anticipate the research of the Menzerath—Altmann law and have a long-term tra-
dition (cf. Niyogi, Berwick, 1995; Tsonis, Elsner, Tsonis, 1997). Universality of
Zipf law manifestations in the text have been in the spotlight for long, see e.g.
the question of law manifestations in a random text (cf. Ferrer-i-Cancho, Elvevag,
2010); an overview of the history of the current status of the Zipf law research
and its prospects, including research overlaps outside the natural language are
presented by Piantadosi (2014). Analyses of the Menzerath—Altmann and Zipf
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laws still represent one of the most important linguistic approaches on the genetic
text analysis, they have been used e.g. to describe the hierarchy of the genetic
code and the protein structure (cf. Matlach, Faltynek, 2016).

The Menzerath—Altmann law was examined in genetic texts with the follow-
ing foci: Ferrer-i-Cancho et al. (2013) focus on the relation between the size
and number of chromosomes in a genome (cf. Baixeries et al., 2013), also the
exon sizes related to their number in a gene (cf. Nikolaou, 2014). Other re-
searches monitor the relation of the size of protein domains and the protein sizes
(cf. Shahzad, Mittenthal, Caetano-Anollés, 2015) or segments of coding and non-
coding DNA (cf. Eroglu, 2014).

The Menzerath—Altmann law was, then, studied in the realm of animal commu-
nication. Manifestations of this law (and the Zipf law) are grabbed as an argument
in a discussion on animal communication systems and their relation to the natu-
ral language (see so called language design features; Hockett, 1982). The law
was studied on primates by Fedurek, Zuberbiihler and Semple (2017), further by
Gustison, Semple, Ferrer-i-Cancho and Bergman (2016).

The Menzerath—Altmann law was tested on texts by patients with language dis-
order. They were patients suffering from Broca’s aphasia (cf. Jasickova, Benesova,
Faltynek, 2013).

The above mentioned researches are often performed supposing manifestations
of these laws are a natural language universal or a general structure. Related to
animal language or speech disorders, they are understood as an instrument for
language detection.

When we speak about quantitative linguistics, we must mention at least three
journals issuing the outputs of the latest researches in this field. The leading
journal is Journal of Quantitative Linguistics.

Journal of
Quantitative
Linguistics

Figure 2.1: Front cover of Journal of Quantitative Linguistics
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It is the official journal of the International Quantitative Linguistics Association
and represents an international forum for the publication of work in the applica-
tion of mathematics and statistics to linguistic research. It specifically publishes
on modeling of all aspects of natural language in various relevant subdisciplines
including theoretical linguistics, historical linguistics, sociolinguistics, dialectol-
ogy, psycholinguistics and neurolinguistics; on practical application of mathemat-
ical and statistical methods in such areas as natural language processing, corpus
linguistics, machine translation, information retrieval, and language teaching; on
issues in the philosophy of language and linguistic theory of construction in the
philosophy of science. For more information cf. www.iqla.org/igla_journal.html.
The journal blossomed for many years under the care of professor emeritus of
Trier University Reinhard Kohler. It is worth mentioning that professor Kohler
and professor Altmann were co-editors of The International Handbook of Quan-
titative Linguistics (cf. Kohler, Altmann, Piotrowski, 2005).

Another periodical of quantitative linguistics is Glottometrics. “The aim of
Glottometrics is quantification, measurement and mathematical modeling of any
kind of language phenomena. Any contributions on probabilistic or other mathe-
matical models (e.g. graph theoretic or optimization approaches) which enable to
establish language laws that can be validated by testing statistical hypotheses,” for
more information cf. www.ram-verlag.eu/journals-e-journals/glottometrics/aims-
scope-editorial-board/. The editorial board was until recently lead also by profes-
sor Altmann.

GLOTTOMETRICS

To Honor G.K. Zipf

Figure 2.2: Front cover of the journal Glottometrics

Following the use of quantitative methods in text analysis and the interdis-
ciplinary cooperation of linguistics and natural sciences, the journal Linguistic
Frontiers was created. The journal publishes articles on formal linguistics, quan-
titative linguistics, linguistic analysis of DNA, zoosemiotics, philosophy of lin-
guistics etc.
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LINGUISTIC
FRONTIERS

Figure 2.3: Front cover of the journal Linguistic Frontiers

Last but not least, Glottotheory should be mentioned. As the journal edi-
tors themselves proclaim, “the journal considers itself as platform for a dialogue
between qualitative and quantitative linguistics”, for more cf. www.degruyter.
com/view/journals/glot/glot-overview.xml?lang=en.

DE GRUYTER 2014 VOLUME5 NUMBER 1

MOUTON

GLOTTOTHEORY

INTERNATIONAL JOURNAL OF
THEORETICAL LINGUISTICS

EDITORS-IN-CHIEF

Figure 2.4: Front cover of the journal Glottotheory

The International Quantitative Linguistics association unites the researchers
employing quantitative instruments or are interested in this field. It was estab-
lished in 1994 “to promote the use of mathematical and statistical methods in
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linguistic modeling, textual analysis and related fields. It is led by the IQLA
Council, chaired by its President. IQLA issues the above mentioned journal and
also organizes events and conferences of the community.

The already mentioned International Quantitative Linguistics Association or-
ganizes also every other year regular conferences under the name of “QUALI-
CO”. The QUALICO conference in the recent decade have been held in Bel-
grade, Serbia (2012), Olomouc, Czech Republic (2014), Trier, Germany (2016),
Wroclaw, Poland (2018). For more information on QUALICO conferences, cf.
www.igla.org/igla_conferences.html.

2.2 Menzerath-Altmann law (MAL)

MAL is one ot the key laws of quantitative linguistics which describes an inverse
proportion between the integer length x of constructs (i.e. the language units of
higher levels) and the averaged length y of constituents (i.e. the language units
of lower levels), composing the constructs. Its verbal version reads “the longer
construct is, the shorter constituents are.” Let us note that the lengths are usually
measured in the number of units of the closest lower language unit. An alternative
possibility of measuring the lengths is in seconds. The most sophisticated way is
related to measuring the lengths of parameters at simultaneities.
The complete formula of MAL takes the form

—b_cx
y=Ax "e™,

where A, b, ¢ are real constants and e = 2.718.... is the Euler number.
For ¢ = 0, we obtain the truncated formula of MAL, namely

y =Ax?.

In particular, for A = y(1) = yj, the (reduced) truncated formula contains only
one free constant b, which is sometimes called a shape parameter.

By means of MAL, we can formulate a conjecture about the fractal structure
of spoken languages and, on its basis, to define language fractals. 1t is a question
whether or not one can extend this conjecture to a sign language fractals.

2.3 Zipf-Mandelbrot law

The Zipf~Mandelbrot law (ZML) describes the distribution of word (sign) fre-
quencies for regular lexicographic trees. It takes the mathematical form

U=P(p+V) D

or, equivalently,
1 Vv
p - loglp ﬂ; )
log 7
where p denotes the order of a word (sign), ordered in a decreasing way according

to the related frequencies, with probability U, and P, V, D are real constants. The
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regularity of trees means that each branching is related to a single word (sign) and
the probability weight on the k-th level takes the form U = Uyr*, where 0 < r < 1,
and U is such that the sum of all probability weights is equal to 1.

The restriction can be relaxed for cyclically (i.e. block-like) self-similar trees,
like for the Menzerath—Altmann law, where this time

p . Mlog(p +IY)’
;‘nzllogﬁjj
resp.
D P;
p=—V+4exp|=Y In-L].
<m/¥’1 Uj

There exist also further various versions of the Zipf law, like the Zipf~Alekseev—
Dolinskii law, etc.

2.4 Conjecture about the fractal structure of language

By a language fractal, one can sometimes understand the semantic recursions,
where several meta-levels can be distinguished. Many such expressions can be
found in poetry, for instance: “the abysm of an abysm” (V. Holan), “I know ...
what I know” (W. Stevens), etc.

Mandelbrot was probably the first who studied systematically self-similar lan-
guage structures and their fractality since the late 60’s. For this aim, he inves-
tigated the regular lexicographical trees by means of the Zipf~Mandelbrot law,
where “each branch represents itself the scaled reduced version of the whole tree”.
Although the lexicographical trees are in general neither regular, nor self-similar,
Mandelbrot’s ideas in this field can be regarded as an initial stimulation for fractal
analysis of natural spoken languages.

Altmann’s concept of quantitative linguistics (see e.g. Altmann, 2002, 2012),
lead HiebiCek to formulate a conjecture about the fractal structure of spoken lan-
guages. Its weak version says that the Menzerath—Altmann law (MAL) holds for
known language levels, including supra-sentence levels like semantic constructs.
In other words that (spoken) language structures exhibit self-similarity with re-
spect to the validity of MAL on all language levels, but up to constant parameters
A, b, ¢ by which a given language structure is characterized.

The strong version is based on an isomorphism between logarithmized form
of MAL and the Moran—Hutchinson formula for the calculation of a similarity
(fractal) dimension of a mathematical fractal. According to this version, we can
associate to a given language structure, satisfying MAL with positive shape pa-
rameters b, on all levels under consideration, a cyclically (i.e. block-like) self-
similar mathematical fractal whose dimension equals the reciprocal value of an
arithmetic mean of respective shape parameters b > 0.
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2.5 Language fractals
In view of the correspondence

! re S x?
Aexp(cx) ’
between (for b # 0) an equivalent form of the Menzerath-Altmann law (MAL),
ie.
1 logx Inx

b log (% exp(cx)) - In (% exp(cx))

and the Moran—Hutchinson formula for the calculation of the similarity (fractal)
dimension of a mathematical fractal, i.e.

)

_ logm

s )

log %
where m denotes the number of its components on each scale and r € [0,1) is
a related contraction factor, we can give the following definition of a language
fractal, provided the model fractal set is either totally disconnected or its com-
ponents are just touching. Then by a language fractal we understand a language
structure satisfying MAL with positive shape parameters b on all language levels
under consideration. In this case, the mathematical model approximates a cer-
tain cyclically (i.e. block-like) self-similar fractal, whose dimension D equals the
reciprocal value of an arithmetic mean of respective shape parameters » > 0.

Thus, if we consider n language levels distinguished by the indicesi=1,2,...,n,
with the respective shape parameters b; > 0, i = 1,2,...,n, then the value D :=
n/(by+---+by,) will be called (in view of the above correspondence) the measure
of semanticity of a given language fractal, resp. the dimension of an associated
cyclically self-similar modeling fractal.

The fractal analysis of texts therefore allows us to define their measures of
semanticity and to visualize the models of given language structures.

2.6 Mathematical fractals

Mathematical fractals are, roughly speaking, infinitely broken geometrical ob-
jects. Despite the non-existence of a unique mathematical definition, by a mathe-
matical fractal, we usually mean at least one of the following possibilities:
(i) ageometrical object, whose (noninteger) fractal dimension is strictly higher
than its (integer) topological dimension (definition of Mandelbrot);
(i1) a geometrical object with an axiomatically postulated property of self-
similarity, where the whole object is similar to its parts on given scales
(see e.g. Feder, 1988);
(i) an attractor of the iterated function system (IFS) in the frame of discrete
dynamical systems (definition of Hutchinson, see e.g. Barnsley, 2013).
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These definitions do not coincide each to other in general which could bring
confusion, when we do not respect the specific differences. On the other hand,
the majority of standard (classical) fractals satisfy all the properties (i)—(iii), i.e.
that they belong to their intersection.

Although mathematical fractals do not exist in nature, they are suitable for mod-
eling natural shapes and forms, like for the morphological description of plants
(e.g. Barnsley’s fern), but also for the characterization of a fractal structure of
languages. In the latter sense, we speak about language fractals.

Figure 2.5: Barnsley’s fern

Unlike to the classical fractals (e.g. Cantor’s dust, von Koch’s flake, Sierpii-
ski’s triangle), which satisfy (i)—(iii), for language fractals we usually require only
some of the properties, like (iii), resp. (ii), but not necessarily (i).

Figure 2.6: Some mathematical fractals are beautiful (adapted from Wikipedia Commons,
free license)
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2.7 Hurst exponent vs. fractal dimension

The (asymptotic) Hurst formula takes the form

R(7T
E Q =Ct, as T — oo, (C > 0is aconstant),
S(7)
where the constant H > 0 is called the Hurst (sometimes also Hurst—Holder) ex-
ponent, the letter “E” denotes the expected value of the ratio R(7)/S(t) depend-
ing on the increasing number 7 of data points in a given time series xj,x2,. .., X,

<y XN

e R(7) denotes the range of the first T cumulative deviations of the mean
1 T
)E(T) = - in,
T &
i=1
ie.

!
R(7):= t,7)— mi 1,7 1,7T):= i—x(t)), t=1,2,...,7,
(7) = max x(t,7) — min x(1,7),  x(1,7) ;(x (7))

1 t
e S(7):= - Z(xi —%(1))? denotes the standard deviation.
i=1

For the “finite time” Hurst formula

R
% =C.t", where S(1) > 0,
the related Hurst exponent H; = H(7) can be easily calculated as (7 > 1)
1 R(7)
gz
~ logt

e For self—similar time series, describing a one—dimensional process, we can de-
fine the box—counting dimension D as

Dp. =2—H, where Dy € [1,2].

e For (not necessarily one—dimensional) self-affine structures, we can also define
the divider dimension D as

Dd:E.

e For cyclically (i.e. block-like) self-similar m families of time series, we can de-
fine the Hausdorff dimension Dy as the reciprocal mean value of the respective

Hurst exponents Hy,H», ..., H,, (on m scaling levels), i.e.
D m
H= G
Z;n:1 Hj

provided the “open set condition” (i.e., in particular, with totally disconnected
or at most just bounding components) is satisfied.
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The critical value is H = 0.5, indicating no correlation in a given time series.
For H > 0.5, a time series exhibits a long-term positive autocorrelation (persis-
tence). Otherwise, i.e. for H < (.5, an erratical oscillation occurs in a time series.

2.8 Lyapunov exponents

The standard Lyapunov exponent is an important indicator for measuring a sensi-
tive dependence of dynamics on initial values. Roughly speaking, the Lyapunov
exponent measures at each point the propagation of errors after each iteration of
a given function or sequence. In other words, it measures the mean loss of in-
formation during the iteration process at the points which are close to the initial
values.

Let (yo = 0),y1,Y2,...,yn be the sequence of lengths of (sign) language units.
Then the local Lyapunov-like exponents A;, related to this sequence, can be sim-
ply defined (in a somewhat different sense as above) as follows:

1J
= - In
J izl

Vi —Yj+1
Yo — Vi1

Yi = Yi+1

1
Aj:=-=In P—
11— 1

J

L j=1,...

In order to have a global formula in the above sense, we can apply splines
of degree k. Thus, the sequence {y;}" , can be smoothly approximated by the
polynomial function P. In this way the “discrete” local formula can be replaced
by the “continuous” formula for P, namely

I+m

1
M)~ Y In|PiGx)],
j=1+1

where xo € (0,n), x; := P,f(xo) = Pio...0P(xp) is the j-th iteration of P at xo,
———
j-times
and /, m are sufficiently big numbers (e.g. [ = 400, m = 500).
The exact continuous formula for the Lyapunov exponent A (xg) to Py takes the
form

1
A(xp) := lim Y In|P(x;)].
=0

Since the second formula is a “numerical” approximation of the last one, it is
preferable for the practical usage. The critical value for the Lyapunov exponent
is zero; negative values indicate order, while positive values indicate instability
which can lead to chaos.
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3 MENZERATH-ALTMANN LAW (MAL)

This chapter can be regarded as a more advanced approach to the previous entry.

3.1 Derivation of formulas for MAL

The Menzerath—Altmann law (shortly, MAL) is with no doubts one of the mile-
stones of quantitative linguistics. Its verbal (heuristic) form says that “the longer
a language construct is, the shorter its components (constituents) are.” By a con-
struct we mean a unit on a higher language level (e.g. a clause, i.e. an autonomous
unit in terms of its pragmatics, semantic construction and grammar which is based
on a finite verb form) and by a constituent we mean a unit on a lower language
level (e.g. a word, resp. a sign). The length x of a construct is measured in its con-
stituents, while y is the average length of its constituents measured in units on the
nearest lower language level. For instance, x can be a length of a clause measured
in the number of words (resp. in a sign language, in the number of signs) and y
then denotes the average number of composing words measured in the number of
syllables.

Although the length x of a construct is (unlike y € (0,00)) usually a positive
integer, i.e. x € N, for the sake of derivation of the mathematical “continuous”
form of MAL, we will nevertheless consider x to be also positively real-valued,
i.e.x € (0,00).

Hence, recalling the mathematical derivation of MAL due to Gabriel Altmann
(cf. Altmann, 1980; Altmann, Schwibbe, Kaumanns, 1989; Wimmer, Altmann,
2005), the relative rate of the change of y can be expressed as y/y, where y =
dy/ dr is obviously the derivative of y w.r.t. x. According to the verbal formulation
above, this rate is inversely proportional to x up to an additive constant ¢ € R, i.e.

== —b +c, 3.1)
y X
where —b is the proportionality coefficient. Let us note that it is convenient to
take it with the minus sign, as we shall see later.
Integrating the ordinary differential equation (3.1) w.r.t. x, we obtain the equa-
tion Iny = —blInx + cx+ C, where C € R is another additive constant, i.e. after
delogarithmization, we get
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Thus, the general solution of (3.1) takes the form
y(x) = Ax"Pe*, where A =¢“ > 0. 3.2)

This is so called a complete formula of MAL.

Let us note that in many empirical studies concerning sentence or clause struc-
tures, and all the better in supra-sentence structures like semantic constructs, only
its hyperbolic part is used, namely (¢ = 0)

y=Ax""?, (3.3)

(see e.g. Hrebicek, 1995, 2007). Here, we therefore speak about the truncated
formula of MAL.

On the other hand, it was demonstrated that the role of the exponential parts,
which can be omitted in the case of semiotically higher levels, increases with
a decreasing linguistic level, and so it is usually not omitted (for instance, in the
case of words and syllables).

In order to simplify the computation of parameters b, ¢ in (3.2) or b in (3.3), we
can still put A :=y(1)/e =y, /e in (3.2), i.e.

y=yx bec ), (3.4)

orA:=y(l) =y in (3.3), ie.
y=yux?. (3.5)

How much the formulas (3.2)—(3.5) differ each from other? For the first glance,
it might be expected that the optimal results must be connected with the complete
formula (3.2), while the roughest are those related to the truncated formula (3.5).
However, the situation is not so simple but rather delicate for such a statement.

For more details concerning various aspects of MAL, we recommend e.g. the
papers Altmann (1980), Altmann, Schwibbe, Kaumanns (1989), Andres (2009,
2010), Cramer (2005), Hiebicek (1990, 1992, 1995, 2007), Kohler (1982, 1984,
1989), Kulacka (2010), Kulacka, Macutek (2007), Priin (1994), Wimmer, Alt-
mann (2005) and the book Wimmer, Altmann, Hiebi¢ek, Ondrejovi¢, Wimmerova
(2003). In Wimmer, Altmann (2005), the whole panorama of further variants of
linguistic formulas of this sort is presented.

3.2 Accuracy of approximations of measured data (least
square method)

Let us consider separately the following cases:

D) y=yx?ie. A=y(l)=y and c =0, (cf. (3.5)),
Il y=Ax""ie. c=0, (cf. (3.3)),
I y =y e @, fe. Ae” = y(1) = yi. (cf. (3.4),
IV) y = Ax"e™, (cf. (3.2)).
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ad I) (one free parameter b)
Logarithmizing the equation (3.5), we obtain
Iny=1Iny; —blnx,
ie.
Iny; =Iny; —blnx;, i=1,2,...,

where x; = i denotes the length of the i-th construct and y; denotes the length of
the i-th constituent of x;.
Hence, denoting still ; := Inx; and v; := Iny;, we can minimize the function

yi(b) = Y wilon — b — v

w.r.t. b, where w; = z;/Y,;z; are the weights corresponding to the i-th relative
frequency x;/ Y, 7.

Putting
lljl(b) = ZZW,'[Vl —bu;— Vi](_ui) =0,
i
we arrive at
_ oviiwini — YXiwinivi  Iny; Ywilnx — Y wilnxilny;
b = — (3.6)
Y, wiu? Yiwi(Inx;)?
Since
yr(b) == ZZwiuiz >0,
we really have that
min y;(b) = yi(br)-
Moreover, the related least square value A; takes the form
2 —by 2
A=Y wily(xi) —yil* = Y wi [ylxi _)’i} : (3.7)

Remark 3.1. Let us note that b; can slightly differ from by satisfying
. by 2 _ 7;)1 2
mbanwi yix; =yl = Zwi yix; =Vl

but statistically by, and subsequently also A;, can be acceptable (see e.g. Kubacek,
Kubéckovd, 2000, pp. 219-225).
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ad II) (two free parameters A, b)

Logarithmizing the equation (3.3), we obtain
Iny =InA —blnx,
ie.
Iny; =InA—blnx;, i=1,2,...,

where the symbols x; and y; have the same meaning as above.
Hence, denoting again u; := Inx;, v; ;= Iny; and newly a := InA, we can mini-
mize the function

l[/[](él,b) = ZW,'[Cl —bu; — V,']z

w.r.t. a = InA, b, where the weights w; = z;/Y; z; are the same as in the case I).
Putting

v ' o v ' o N
P —ZZi"w,[a—bu,—v,]—O, = —ZZW,[a—bu,—v,](—u,)—O,

we arrive at

A — exp | ZViInXiLi wi(Inx;) (Iny;) — ¥ wi(Inx;)* ¥ wilny; (3.8)
e (X wilnxi]® — Xiwi(Inx;)? 7 '

_ Yiwi(Inx;)(Iny;) — ¥, wilnx; ¥y wilny;

b 3.9
" ¥ wilnx]® — ¥ wi(lnixg)? G2
Since
82
S —2Y wi=2>0

and (in view of the Schwarz inequality)

Py PPy [Py’ , 2
da? Jb? _[aaab] _4;”’1'“1'—4{2[:%14{] >0,

we really have that

minyy(a,b) = Y (InAr, biy)-

Moreover, the related least square value A; takes the form

2
A=Y w {A,,x;b" _ y,} . (3.10)
i
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ad III) (two free parameters b, c)
Logarithmizing the equation (3.4), we obtain
Iny=Iny; —bInx+c(x—1),
ie.
Iny; =Iny; —blnx;+c(x;— 1), i=1,2,...,

where the symbols x; and y; have the same meaning as above.
Hence, denoting again u; := Inx;(= x; = exp(«;)) and v; = Iny;, we can mini-
mize the function

v (a,b) Zw, vi—bui+c(xi—1) —v,']2

w.r.t. b, ¢, where the weights w; = z;/ ¥, z; are the same as above.
Putting

Vi

B - ZZi:wi[vl —bu;+c(xi— 1) —vi](—u;) =0,

0
32112221.:%[1)1—19141-#0( 1) =vi(xi=1)=0,

we arrive at (A = y1/e5;)

Zi W,’(x,' - l)zzi wi lnx,-(lnyl - lnyi)

by = 2
Ywi(Inx;)2 Y wi(x; — 1)2 = [¥; wi(Inx;) Inx;]
Yiwi(xi — 1) Inx; ¥, wi(x; — 1)(Iny; —Iny;) G.11)
Ziwi(lnxi)zzi wi(x; — 1)2 — [Xiwi(lnx;) lnxi]z 7 '
S Yiwi(xi —1)Inx; ¥ wilnx;(Iny; — Iny;)
" ¥wi(lnx)2 X wi(x; — 1)2 — [¥;wi(Inx;) Inx;]?
Yiwi(Inx;)? ¥iwi(x; — 1) (Iny; —Iny;)
S (3.12)
Yiwi(Inx;)2 X wi(x; — 1)2 = [X;wi(xi — 1) Inx;]
Since

ob?

and (in view of the Schwarz inequality)

9%y 2 2
=2Y wi; =2 wi(lnx;)* >0

Py Py [Py’
ab>  dc? dbdc

2
:4Zwi(lnx,')22w,~(x,» [Zw, Xi— lnx,] >0,
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we really have that
min Vi (b, ¢) = Wi (bur, cnir).-
Moreover, the related least square value Ay takes the form

2
Ayp = ZW:' [ylxi—bmecm(x,-fl) _yl} ) (3.13)
i

ad IV) (three free parameters A, b, c)

Logarithmizing the equation (3.7), we obtain
Iny =InA —blnx+cx,

i.e.
Iny; =InA—blnx;+cx;, i=1,2,...,

where the symbols x; and y; have the same meaning as above.
Hence, denoting again u; := Inx;(= x; = exp(u;)) and v; = Iny; and a := InA,
we can minimize the function

vy (a,b,c) = Zwi[a — bu;+cx; — v,']2

w.r.t. a, b, ¢, where the weights w; = z;/ }; z; are the same as above.
Putting

d
;ZV :2;wi[a—bui+cxi—vi] =0,
AL} :2Zw'[V1 — buj+cxi = vi)(—u;) =0
8b - 1 1 1 1 1 bl
A/ = ZZwi[vl —bu;j+cxi—vilxi =0
dc - 7

we arrive at (Ayy = exp(ayy))

1

2
ay = p {Zw[lnyi [(Zwmlnx) — Zw[x%Zwi(lnx;)Z]
i i i i
+) wilnx;Iny; lz wix? Y wilnx; =) wilnx; ) wix; lnxi]
i i i i i
+ Zwixilny; [Zw;xiZw[(lnx[)z — Zwi lnx;Zwixi lnxil } , (3.14)
i i i i i
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1
by = e {Zwi Iny; [ZW,’X,’ZW,’X,’ Inx; — Zw,'xiz Zwi lnx,}
i i i i i
2
+ Zwi Inx;Iny; [Z w,'xi2 — <Zw,~x,~) ]
i i i
+ Zwixilny; [Zmewi Inx; — Zwixi lnxil } , (3.15)
i i i i

1

Ccry = — {ZW,’ ll’lyi [Z wixiZwi(lnxi)z — ZW,’ lnx,-Zw,-xi lnxl-]
i i i i i

T
+ Z w;Inx; lnyi [Z wix;Inx; — Zwix,- Z Wi lnxi]
i i i i
2
+ Zw;xilny; l(Zw; lnxi) — Zw;(lnxi)zl } , (3.16)
i i i
where

2 2 2
T= (Zwixilnxi> + (Zwﬂnx,) Zwix,»z—i— (Zwixi) Zwi(lnx;)2
— Z’w,'(lnx,')2 Zwlz — ZZW,' lnx[Zwix[Zw[xi Inx;.

We can namely prove again (see e.g. Kubacek, Kubdckovd, 2000, p. 83) that

minyyy (a,b,c) = Yy (ary,brv,crv).

sy

Moreover, the related least square value Ay takes the form

2
Ay =Y wi [Awa ey (3.17)

1

Summing up the above calculations, we can give the following conclusion.

Conclusion 3.1. Approximative values of parameters A, b, ¢ in formulas (3.2)—
(3.5) of MAL can be obtained from the lengths of associated constructs xy, xa, . ..,
their frequencies 71, 22, ..., and constituents y1, ya, ..., by means of a regression
method in the forms (3.6) and (3.8), (3.9) and (3.1), (3.12) and (3.14)—(3.9), re-
spectively. The appropriate least square values take the forms (3.7) and (3.10)
and (3.13) and (3.17), respectively.
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3.3 Comparison of accuracy of parameter estimations

In order to compare formulas (3.2)—(3.5), the experiment design theory should be
employed (see e.g. Pdzman, 1988). This technique is closely related to the previ-
ous one but the output is different. It does not concern the information about con-
formity of data with the applied approximation formula, but the value of variance
of the free parameters estimates (in statistical terms, we speak about unknown
parameters) O, :=bor@®:= (A,b) or Oy = (b,c) or Oy = (A,b,c)’ which
appear in the respective formulas (3.2)—(3.5). The prime symbol denotes as usu-
ally the transposition. Although this analysis is again based on the least square
method, it is necessary to introduce adequate terms because of input variables
constructed in a different way. After logarithmizing the equations (3.2)—(3.5), we
obtain four linear regression models. Their general form is

Y~ (F®,0%.1), (3.18)

where y has the same meaning as above, n is the number of measurement points,
F is a design matrix given by the concrete formula (3.2) or (3.3) or (3.4) or (3.5),
@ is an appropriate vector of unknown parameters, 6> is a measurement error and
I denotes the unit matrix. We assume the independence of random variables y;,
i=1,....,n

Without any loss of generality, we can now restrict ourselves to a specific area
of the experiment realization which is known as the set of experimental points
X = X1,...,X,. The symbol x; =i has the same meaning as above and in order
to guarantee the sufficient richness of the experimental set, we consider the total
number of measurements 7 to be equal to 10 000.

The following analysis is based on the validity of the formula (see Kubécek,
Kubackovd, 2000, p. 50)

~ 0'2
Var(@(Y5),N) := WM*l(a), (3.19)

whose proof can be found in Tuckovd (2010). The symbol N denotes the total
number of measurements at the points x;, i.e. N =Y ;z;. It says that the covari-
ance matrix estimate of unknown parameters (contained in a regression model) is
equal to the product of the expression %2 and the inverted matrix M(J), called
information matrix, namely

M(8):= Y Swif S, (3.20)
i=1

The form (3.20) of an information matrix is given by several variables. In
particular, the design of experiment is a function

n
Oi: x; —[0,1], where 25,-: 1,i=1,...,n,
i=1

which determines a significance of the experiment at various points of the exper-
imental set. In our case, the significance is the same for all experimental points.



Comparison of accuracy of parameter estimations 89

Therefore, the value of design of experiment is a constant, i.e. § = % Variable
w; = z;/ Y.; zi represents the above mentioned weight. Since this value is constant
in formulas (3.2)—(3.5), it can be neglected, without any loss of generality, in sub-
sequent calculations. Last, but not least, vector f; is the variable which represents

i-th line of design matrix F.

Expression %2 in ((3.19) depends on the particular experiment, but it is the

same for all models in (3.18). Thus, this expression can be put equal to 1, for the
sake of comparison of formulas (3.2)—(3.5).

The comparison of regression models will be made by means of a standard
deviation of individual unknown parameter estimates, i.e.

1(®) = /diag [Var((:))} . (3.21)

ad I) (one free parameter b)

Logarithmizing the equation (3.5), we arrive in view of (3.18) to the equality:

0 —Uu
L I (b) &
: —u,
vy —Iny, —_——
F

where € is an error vector with the covariance matrix equal to 6*I. The variables
yi, i and v; have the same meaning as above.

The information matrix takes, according to (3.20) (when taking the weights
w; = 1), the form

from which (cf. (3.19), when taking %2 =1)
Var; (O(Y ) = 1.461694 - 10~°,

and subsequently (see (3.6))

w(by) =/ 1.461694 - 106 = 0.001209. (3.22)

ad II) (two free parameters A, b)
Logarithmizing the equation (3.3), we arrive in view of (3.18) to the equality:

Vi 1, —Uuj

- |(5)+e

Vn 17 —Un

F



90 Menzerath—Altmann law (MAL)

where € has the same meaning as in the foregoing case. The variables y;, u; and
v; have the same meaning as above and a = InA.

The information matrix takes, according to (3.20) (when taking the weights
w; = 1), the form

1/ 1 1 1, —u; 1 n,  —Yru
M 6 — - 1 —uj) = — I’ 1 — 1 ,
() ,;1 n (‘”i> (1, =) n z‘i <_“iv “:2> n <_Z?1“i7 i uf
from which (cf. (3.19), when taking %2 =1)

A . {0.006875, 0.000825
Var(O(¥ 5)) = <o.000825, 0.000100) ’

and subsequently (see (3.8), (3.9))

w(lnAy) =+0.006875 = 0.082921, (3.23)
i.e. (cf. Kubacek, Kubackova, 2000, p. 215)
de?
H(An) = = lucina,, H(InAz) = Appu(InAy)
=2.0815-0.08291 =0.170919, (3.24)
w(byr) = /0.000100 = 0.010025. (3.25)

ad III) (two free parameters b, ¢)

Logarithmizing the equation (3.4), we arrive in view of (3.18) to the equality:

0
—up, X1 — 1
1% —1ny1 ) b
C T 1 c) &
vn_lnyl —Up, Xn — 1
F

where vector € and the variables y;, u; and v; have the same meaning as above.
The information matrix takes, according to (3.20) (when taking the weights
w; = 1), the form

= Y 1 —Ui . . _1 < u[27 _ul(-xz_l)
M(S) - 1:21 E (xi— 1) (_ula Xi— 1) - ;lzzl <_ui(-xi _ 1), (xi _ 1)2 )
1 ( Yy, —Z?—lui(xi—1)>

_Z ’

n P —1), Y (x—1)?

from which (cf. (3.19), when taking %2 =1)

Var (O(Fs)) = 1.0-10°3 (0.868651, 0.001135) ’

0.001135, 0.000001
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and subsequently (see (3.11), (3.12))

w(bir) = V/0.868651 = 0.002947, (3.26)
w(cir) = +/0.000001 = 0.000004. (3.27)

ad IV) (three free parameters A, b, c)

Logarithmizing the equation (3.2), we arrive in view of (3.18) to the equality:

Vi L, —u, x1\ /g4
= : b|+e.
Vn 17 —Up, Xn ¢
F

The vector € and the variables y;, u; and v; have the same meaning as above.
The information matrix takes, according to (3.20) (when taking the weights
w; = 1), the form

n 1 1 1 n 17 —Uj, Xi
2
M(S) = Z Z —U; (1) —Ui, Xi — 1) — Z Z —Uu, uj, —UixXi
=1 Xi =\ X, g, X
n n
n, _Zizluiu _):i:1xi
— n 2 n 2 n s
=-— | —Xiiw, XY, —XLigjuixi|,

Z:"l:l Xiy — Z:"l:l UiXi, Z?:l xi2
from which (cf. (3.19), when taking %2 =1)

A 0.018689, 0.002724, 0.75-10~%
Varyy (@(Y5)) = | 0.002724, 0.000405, 0.12-1078 |,
0.75-1078,0.12-10°%, 0.48 - 10712

and subsequently (see (3.14)—(3.16))
u(lnAyy) =+0.018689 = 0.136710, (3.28)

i.e. (cf. Kubacek, Kubackovi, 2000, p. 215)

U(Aw) = %_e;“ |a:lnA1v u(InAy ) =Aru(InAgy)
=2.2939-0.13671 = 0.313600, (3.29)
w(brv) = v/0.000405 = 0.020148, (3.30)
w(cry) =V0.48-10-12 = 0.000007. (3.31)

Summing up the above calculations, we can give the following second conclu-
sion.
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Conclusion 3.2. The standard deviation [ of parameters a, b, ¢ in formulas
(3.2)—(3.5) of MAL takes (by means of (3.19)—(3.21)) the respective forms (3.22)
or (3.23), (3.25) or (3.26), (3.27) or (3.28), (3.30), (3.31). The deviations are uni-
versal in the sense that they are independent of concrete data x1,x3,...;Y1,Y2, -+ -5
21,22, ..., and subsequently of concrete values of parameters by or Ay, by or byyy,
ciror Ay, by, cry, respectively. The deviations WW(Ayr) and W(Ayy) are no longer
universal, but they satisfy the respective estimates (3.24) and (3.29)).

Remark 3.2. There is a question about the correct usage of regression models I)
and III) in the above mentioned form. It concerns the fixed value y; which can be
further regarded as a constant by means of which the remaining unknown param-
eters are estimated. Nevertheless, since the value y; represents the realization of
arandom variable, it contains the measurement error which is subsequently trans-
ferred to the regression model. Unfortunately, the regression model does not take
this “double error” into account. By this reason, we must consider all the resulting
values obtained by means of formulas (3.4) and (3.5) only as those conditioned
by the value of y;.

3.4 Concluding remarks

In Sections 3.2 and 3.3, the comprehensive analysis was done which provides
a comparison of four formulas (3.2)—(3.5) from the point view of the best approx-
imation of data as well as of the accuracy of parameters A, b, c estimates. These
two approaches are based on the least square method, but provide somewhat dif-
ferent goals. Thus, we provide an information about a suitability of the usage of
models which are evaluated from two perspectives.

As already pointed out, from the point of view of the first perspective, it might
be expected that the best results can be obtained by means of formula (3.2), while
the worst by means of formula (3.5). In view of the analysis in Section 3.3, the
situation is however much more delicate.
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4 LANGUAGE FRACTALS

4.1 Historical stimulation

Postulating the self-similarity property as the definition of a fractal, Ludék Hiebi-
¢ek conjectured a weak version of a fractal structure of language in the sense that
formally the same Menzerath—Altmann law holds on every linguistic level (see
e.g. Hrebicek, 2002, and the references therein).

Furthermore, he noticed that the reciprocal value of the shape parameter at
the truncated formula of the Menzerath—Altmann law can be expressed as a self-
similarity dimension by means of the Moran—Hutchinson formula (see Hiebicek,
1994, 1998b).

The same relationship was already detected by Benoit B. Mandelbrot for the
exponent at the Zipf-Mandelbrot law (see Mandelbrot, 1983, Chapter XI; Man-
delbrot, 2000, Chapter 12, and the references therein).

On the other hand, in view of these observations, the interpretation of both
linguistic laws in fractal terms was only possible for structures exhibiting the very
restrictive exact (strict) self-similarity property. More realistic interpretation was
proposed by ourselves in Andres (2009) and Andres, Rypka (2012), for linguistic
structures with a more liberal cyclic self-similarity.

In this chapter, the above discoveries will be recalled in a more detail at first.
Then they will be critically discussed in a new light. Our goal is not just a descrip-
tion of a language structure under consideration, but also an attempt for a possible
explanation of the meaning of the computed fractal dimensions to given texts.
To characterize author’s style or to distinguish between originals and falsa or so
would be, however, too ambitious. We understand that after the first steps in this
field, based especially on linguistic experiments (see e.g. Hfebicek, 2002, 2007;
Eftekhari, 2006; Kohler, 2008; Andres, BeneSova, Kubacek, Vrbkova, 2012;
Andres, BeneSova, 2011, 2012), it is still a long way to go.

4.2 Menzerath—Altmann law: complete formula vs. trun-
cated formula (continued discussion from Chapter 3)

The Menzerath—Altmann law (MAL) expresses the relationship between the length
x of a construct (i.e. a unit on an upper linguistic level) and the length y of its con-

95
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stituents (i.e. units on a lower linguistic level). The complete formula of MAL
takes the form (cf. Altmann, 1980; Wimmer, Altmann, Hrfebicek, Ondrejovic,
Wimmerova, 2003)

y= A xfh ecx’
or, equivalently (for b # 0),

1 logx Inx

b log (% exp(cx)) I (% exp(cx))

)

where A, b, ¢ are real parameters, e = 2.718... is the Euler number.
For ¢ = 0, it reduces to the truncated formula, i.e.

1
y=Ax"?, resp. (forb#0), — = Ogj .
b log 3

In the particular case, when A = y(1) = y;, we get the simplest formula

~ logx
=
log 3

1
y= wa", resp. (for b # 0), -

with only one free parameter b, usually called a shape parameter.

As demonstrated in the foregoing chapter, although the application of the com-
plete formula is certainly better from the point of view of the optimal approxima-
tion of given data, it is quite opposite from the point of view of the accuracy of pa-
rameter b (which is crucial for our investigation) estimates. Thus, a suitability of
the usage of the above formulas must be evaluated together from two perspectives
at least. In our linguistic experiment in Andres, Kubacek, Machalovd, Tuckova
(2012), rather surprisingly, the simplest formula occurs to be optimal among all
from the statistical point of view. We believe that this particular case can hold in
general, provided the structure of given data is statistically significant.

Moreover, since the shape of the graph of the function y = Ax~?e®* with ¢ > 0
does not often reflect the verbal form of MAL, for larger values of x (cf. Andres,
Kubacek, Machalovd, Tuckovd, 2012), it can be only used for small integers x.
On the other hand, the “optimal” usage of the simplest formula brings a serious
obstruction, for the related regression model. Namely, since the value y; rep-
resents the realization of a random variable, it contains the measurement error
which is automatically transferred into the regression model. Subsequently, all
the resulting values must be only considered as those conditioned by y;.

The second criticism about the usage of the complete formula concerns its
derivation. It seems to us that the implementation of an additional parameter ¢
via the exponential function e®* is rather artificial (i.e. without any satisfactory
linguistic explanation), just because of a simple application of a linear regres-
sion technique. For more details concerning this technique (see e.g. Montgomery,
Peck, Vinig, 2000).
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Perhaps more appropriately, instead of the initial equation

y  —b
y_zb..
y X
one should rather start from the one of the form
y_ —b
y x+c’

because in this way parameter ¢ can be interpreted as something like a “mental
overrunning” in our speach yielding the construct completion. Thus, the related
formula would take the form

y=A(x+e)”,
or, equivalently (for b # 0),

1 log(x+c)

b logd

y

Unfortunately, a direct application of the linear regression technique fails here,
because after its logarithmization, the equation becomes nonlinear. On the other
hand, the obtained nonlinear equation can be still linearized, and subsequently the
linear regression technique can be applied to a linearized equation.

4.3 Zipf-Mandelbrot law: isomorphism of form

The Zipf—-Mandelbrot law (ZML) describes the distribution of word frequencies
for regular lexicographic trees. It takes the form (see e.g. Mandelbrot, 1983,
Chapter XI; Mandelbrot, 2000, Chapter 12; Manin, 2009; Montemurro, 2001,
2004; Wimmer, Altmann, 2005, and the references therein)

_1
U=P(p+V) D
or, equivalently,
1 Vv
p - loglp ﬂ; )
log 7

where p denotes the order of a word (words were ordered in a decreasing way
according to their frequencies) with probability U and P, V, D are real constants.
The regularity of trees means that each branching is related to a single word and
the probability weight on the k-th level takes the form U = Uyr*, where 0 < r < 1,
and U is such that the sum of all probability weights is equal to 1.

Observe that, despite their meaning, the last two formulas, i.e. y =A(x+ c)"’
andU = P(p + V)‘l/ D are formally the same. Thus, ZML can be again obtained
as a general solution of the linear ordinary differential equation

U -1/D .dv

—=— here U = —.
U prv where i
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As already pointed out in Chapter 2, the effect of MAL can be detected not
only in various domains of linguistics, but also in nonlinear biology, sociology,
psychology, etc. The same is true for ZML, as explained in economic terms
in Chapter 13 in Mandelbrot (1983) and Chapter 12 in Mandelbrot (2000), for
a mathematically equivalent form of Pareto’s law, i.e.

p=-V+UPPP

Such an isomorphism documents the well known principle of a least effort re-
flecting the economization of nature (see Wimmer, Altmann, 2005, and the refer-
ences therein) or a certain sort of a conservation law.

There is, however, still one more remarkable isomorphism to the Moran—Hut-
chinson formula (for more details, see e.g. Barnsley, 2013, Chapter V), for the
computation of a self-similarity dimension of a fractal, namely

_ logm

B 10g%7

where m denotes the number of parts on each scale (number at contractions of
the generating iterated function system) and r stands for the length of each part
(contraction factor), provided the open set condition is satisfied (i.e. if the fractal
set is either totally disconnected or its parts are at least just touching). Moreover,
because of the above interpretation, and subsequently a possible visualization by
means of iterated function systems, (x+ c¢) resp. (p + V) should be a positive
integer.

This isomorphism was observed for the first time by Mandelbrot (see Mandel-
brot, 1983, Chapter XI; Mandelbrot, 2000, Chapter 12, and the references therein)
w.r.t. ZML and, independently, by Hiebicek (see Hiebicek, 1994) w.r.t. MAL.

Despite the evident correspondences

U
me~p+V, mNF:(p-FV)*zl)

or

1
DNE, me~x+c, rw%:(x—i-c)*h

(or, for the complete formula of MAL, D ~ 1, m ~ x, r ~ m =x"), the
application of fractal geometry to ZML or MAL might be only theoretical, be-

cause the exact self-similarity would require nonrealistic regular trees or the same
values of parameters A, b, ¢ on all linguistic levels, respectively.

4.4 Fractal analysis of texts: cyclic self-similarity
hypothesis

Nevertheless, assume that on 7 scaling levels i = 1,2,...,n we have

1

Ui=Pi(pi+V) % or yi=Afxi+e) "
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(or, for the complete formula of MAL, y; = A,-x;h" e“") and that (cyclicity hypoth-
esis) Ui = Uiyyn, Py = Piyyn, Pi = Pitrns Vi = Vivrns Di = Dig, forr=1,2,...,
or y; = Yit+rn» Ai = A,’er, Xi = Xi+rns Ci = Ci+rn, bl‘ = bi+rn, for r = 1,2, ceny i.e.
that the situation is cyclically repeated in the blocks of n-levels (which is a purely
mathematical but more realistic assumption). In this way, we arrive at the follow-
ing interpretation of ZML or MAL in fractal terms (in case of MAL, see Andres,
2009; Andres, Rypka, 2012):

ZML: "
Di=— 1o
AR TS '

m:=(p+V)*, provided p +V = p; + Vi = ps+ Vo = --- = p, +V, are such that
(p +V) is a positive integer,

(Ui k kY
r:rl...rn:=H<F) =(p+V) =17,
i=1 \1i

where k > rlnéax D; is a suitable positive integer,
i=12,..., n

nlog(p +V) D& P
D:=———-= resp. p=—V+exp|—) In— |,
?:110g5i. PP P\ ; Ui

which is a generalized Mandelbrot’s resp. Pareto’s formula, because for P = P| =
Pb=---=PandU =U; =U; =---=U,, we get
1 Vv
D= 70g(p—|}: ), resp. p = —-V+UPPP.
log
Analogously,
n _ nlog(x+c)

D= = ’
bi+---+by ;’:llog%"

m = (x+c)", provided x+¢ = xj +¢1 = x3+ ¢y = -+ = X, + ¢, are such that
(x+c¢) is a positive integer,

n A\ K —k)Ebi
r:rl...rnzzn(%> =(x+c) =1,
i=1 \Ai

L

where k > max - is again a suitable positive integer.

i=1,2,..n
MAL: |
D n _ nlogx 7
bi+---+b, Y7 log (fyle exp(cix))
m = x" providedx =x; = xp = --- = x,,,

n . k ,kib.

Yi L 7

F=T]...r = — L) =x &
! H<A,-exp(c,-x)>
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where kK > max L is a suitable (sufficiently large) positive integer in order the

i=1,2,..n 0
open set condition to be satisfied.

Roughly speaking, if 1/D; > 0 resp. b; > 0, for every i = 1,2,...,n, then we
can speak about the given language structures as language fractals, because their
models represent approximations of the particular associated mathematical frac-
tals whose self-similarity dimension D is described above. For more details, see
Andres (2009) and Andres, Rypka (2012).

If, reversely, 1/D; < 0 resp. b; < 0 holds, for some i, then either ZML resp.
MAL fails on the i-th level or there is missing an intermediate linguistic level
which should have been taken for appropriate constituents, instead of former ones
(cf. Andres, 2010). Thus, the correct application of ZML resp. MAL can be
tested (even for discovering possible new linguistic levels) by means of the sign
of 1/D; resp. b;, i = 1,2,...,n. By new linguistic levels we mean, for instance,
suprasentence levels which might be possibly higher than semantic constructs
detected by Hrebicek (see Hrebicek, 2002, 2007; Wimmer, Altmann, Hrebicek,
Ondrejovi¢, Wimmerovd, 2003, and the references therein).

4.5 Computation of fractal dimension of structures:
universality vs. specificity

For the simplest formula of MAL, when A; = y;(1) = yy;, i = 1,2,...,n, and
c=c1=cy ="+ =cy =0, the self-similarity dimension D of the associated
mathematical fractals can be simply estimated in terms of the length of given
constructs xji and constituents yj;, i = 1,2,...,n; j=1,2,...,p;, as follows (cf.
Chapter 3):

D:=—"
— vn L
iz1bi
where _ _
Inyy X0 Inxj; — Y00 InxjiIny;
IR 7 5 , i=1,2,...,n.
Yol (Inxj)
Incorporating the weights
Zji ;
Wi ——, i=12,....n
Ji Di ) tEad] 35
Z‘*l Zji
=

corresponding to the j-th relative frequency zj; / ):5’": 12ji- J=1,2,..., p;, into the
approximative formula, we obtain

1ny1,~ 21]7':1 Wiji lnxj,- - Zflil Wiji lnxj,- lnyji .
b~ : i ] 5 , i=1,2,...,n.
Lty wii(lnx;i)

The same is formally true for ZML in terms of trees, provided P, = U;(1) = Uy;,
i=1,2,....,n,andV =V; =V, = ... =V, = 0. For the complete formula of MAL,
we can obtain more complicated, but still explicit formulas estimating D (see
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Chapter 3). On the other hand, for ZML in general, only numerical calculations
can be made, because the linear regression technique does not apply there.

In linguistic experiments in spoken languages, the calculated values of D for
novels and newspaper texts, or so, are higher than those for poems. Introductory
chapters possess higher values of D than consequitive chapters, etc. On the basis
of such empiric arguments which we believe to be so mainly due to semantics, we
decided to call D as the measure or degree of semanticity of a given text, provided
the lowest linguistic level is “reasonable” from the semantic point of view like the
length of words calculated in the average number of syllables.

Mandelbrot in Mandelbrot (2000, Chapter 12) discusses the meaning of two
possibilities: D > 1, when the text (in his case, the number of words) is finite, and
D < 1, when it is infinite (which is practically nonrealistic). In order to simplify
the calculations, we put in this section V =V} =V, = ... =V, = 0. According to
Mandelbrot, this means that the hierarchy trees are symmetric. Otherwise, i.e. in
the asymmetric cases, he explains the role of V;, i = 1,2,...,n, in terms of fractal
lacunarity.

Eftekhari’s fractal analysis of Shakespeare’s works (see Eftekhari, 2006) con-
sists of computing the fractal dimension D (always less than 1) and the Zipf di-
mension Dy (always less than 2). In our analysis (again in spoken languages), the
values of D are typically in one or even two orders higher. The reason of this dis-
crepancy is simply the fact that Eftekhari computes different fractal dimensions,
where the open set condition need not be satisfied, and so takes into account differ-
entrelations. In a similar way, for a box-counting dimension, i.e. when refining the
grid scales, for instance, the fractality of architectural objects can be calculated
in order to clarify their aesthetic preference (cf. Lorenz, Andres, Franck, 2017,
and the references therein). The images with a higher dimension were consid-
ered complex, while those with a lower dimension uninteresting. The preferable
box-counting dimension of objects, whose supporting space is a two-dimensional
plane, was found around 1.35 in den Heijer, Eiben (2010), 1.52 +0.23 in Draves,
Abraham, Viotti, Abraham, Sprott (2008) which is in agreement with measure-
ments in quoted papers there (1.51 +0.43, around 1.54, etc.).

It is a question whether to consider the lengths of constructs in the mean but
absolute number of constituents (as we always did) or to “measure” the objects
on concrete linguistic levels by means of suitable physical units, as proposed by
Kohler in Kohler (1997) (cf. also Leopold, 2001 and Andres, 2010).

If, for instance, the length of semantic constructs would be endowed with kilo-
something, the length of clauses with something, the length of words with cen-
tisomething and the length of syllables in milisomething, then after rescaling to
the same unit (e.g. milisomething), the dimensions would dramatically change.
Perhaps the most appropriate physical units in quantitative linguistics might be
with this respect suitable (normalized) time units. Nevertheless, observe that in
all the above formulas the average number of constituents was already normalized
by means of A;(= yy;) resp. Pi(= Uy;).
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4.6 Distance between two language fractals

We know from our experiments (from both spoken and sign languages) that there
is unfortunately too sensitive dependence of the values of D on the way of seg-
mentation of a given text. The same is true for various translations of the same
text.

Hence, distinguishing by prime the values of shape parameters b;, i =1, 2,... ,n,
of another text under consideration (like its translation) or the same text but seg-
mented in a different way, it is useful not only to compare the related degrees of
semanticity D but also to measure the distance d between two language fractals
characterized by vectors (by,by,...,by,) and (b),b}, ... b)) as follows:

11 1 11 1 nor 1?2
Al —, —,....— ) (=, —,....—]) = S
Gz Grag ) =V G )

In particular, for n = 3, we have
1 1 1 1 1 1
d 7 o7 o7 o\ 707300 10
by by bs b\ b, by

_ (L_L>2+(L_i)2+(i_i>2

by b by b, by b '

4.7 Concluding remarks

Despite the above criticism, we understand that in quantitative linguistics some-
thing like the complete formula of MAL is necessary, because its reduced form
does not often fit the given data on lower linguistic levels (from the words, resp.
signs, downwards).

According to the personal experience of Prof. Reinhard Kohler with linguis-
tic data on all levels, the power law form is more appropriate to higher linguistic
levels (i.e. to those associated with more semantic units) whereas the pure expo-
nential part of the formula corresponds to the “material” or “energetic” levels (e.g.
when a sound duration is involved). The application of a complete formula is so,
in view of his arguments, appropriate especially to intermediate levels.

On the other hand, the complete formula of MAL might be sometimes replaced
by the following one:

y=A(x+c)

Roughly speaking, one should make a suitable choice between easy calcula-
tions, when a linear regression technique directly applies as a theory, and per-
haps linguistically a more justified law, when all parameters must be calculated in
a more complicated way. A compromise could be possible, provided the value of
parameter ¢ in the above formula can be detected, at least for some sorts of texts,
empirically. This assumption seems to be, however, practically nonrealistic.
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After all, the unified formula, involving four free parameters A, b, ¢y, c2, which
is a general solution of the differential equation

y —b

= +CZ7
y Xx+c
takes the form
y = A(.x+ Cl)ibeczx.

Summing up briefly the above informations, for fractal analysis of texts (speeches),
there is still a challenge to make a suitable choice among the possibilities concern-
ing:

e the “optimal” formula of MAL (resp. ZML),

e whether or not to incorporate the weights into calculations,

e the appropriate way of segmentation of a given text.
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5 METHODOLOGY

5.1 Basic steps, especially visualization

As amethodological design for the fractal analysis of a sign language text (speech),
it would be optimal to examine at least its three levels (i = 1,2,3) by means of
the Menzerath—Altmann formula. However, unlike to spoken languages, in a sign
language it seems to be delicate to detect a supra-sentence level on one side, and
to identify constituents for signs on the other hand. For the latter case, we will
come back at the end of this chapter.

Nevertheless, to reach the goal of our Experiment 1 (see Chapter 7 below), we
need to find the parameters A;, b;, ¢, i = 1,2,3, for both the truncated and com-
plete formulas of the Menzerath—Altmann law (MAL). Calculating and comment-
ing them on merely two steps of the following algorithm which is also summarised
in the flow chart (diagram).

Nine steps of the algorithm are as follows:

STEP 1. The choice of the sample text and explaining the choice.

STEP 2. Determination of the sample units and explaining it. Units have to be
defined unambiguously; the notion of the unit has to be in accordance
with common linguistic definitions, and if not, it has to be carefully
justified; the determination of units has to be rigidly kept throughout
the whole experiment; and each sample member has to be taken into
account, yet not calculated twice.

STEP 3. Verifying the representativeness of the sample length.

STEP 4. Quantifying the text so that it is possible to extract the variables x; and
yi forevery i =1,2,3 from it.

STEP 5. Calculating the parameters A;, b;, ¢;, i = 1,2,3, for both the truncated
and complete formulas of the Menzerath—Altmann law by means of the
above described statistical and numerical methods (see Chapter 3).

STEP 6. Testing the model reliability by means of the statistical methods (see
Chapter 6 below).

STEP 7. Interpreting the parameters A;, b;, ¢;, i = 1,2,3 in the fractal analysis.

STEP 8. Visualizing language structures by means of approximating the mathe-
matical fractals with a given dimension.

STEP 9. Interpreting the visualizations of language structures.
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Before we proceed to the diagram, let us briefly explain Step 8 — visualization.
For more details, see our paper Andres, Rypka (2012) and Andres, BeneSova,
Kubacek, Vrbkova (2012).

In view of the desired fractal analysis, the collection

Al = Fl([O, 1]), A2 = FzOFl([O, 1]), A3 = F3 OFQOFl([O, 1]) = F([O, 1]),
where

Fi) = Uifi @), ofs: (0,1} = [0.1]%, kzmax{t, L LY,
J
1
ifi () i= x4 = j, = xkbithaths)
X
J=Gtseendit)s i €{0,1,...,x—1}, i=1,2,3,

can be already regarded, under the correspondence described in Chapter 4, as the
first step of a visualized structure of linguistic objects on n = 3 linguistic levels,
characterized by the coefficients A;, b;, ¢; (i = 1,2,3) at the MAL.

Observe that, for Agz := F*(]0, 1]), we have, according to the arguments above,
that the limit of dy(Ay3,A) is for s tending to infinity, 0 and the above estimate,
for the Hausdorff distance d(A3,A) between Agz and A, holds.

Moreover, F* consists of x** contractions with the same factor
k(by+by+b3)

ri=x ,

where k is a suitable positive constant (in order the open set condition to be satis-
fied).

For visualization of the above collection A, Ay, A3 and the sets Agz,s = 1,2, ...,
for the given initial set [0, 1], we make use of the very last iteration. The initial
set does not affect the output attractor, yet can be consequential for plotting iter-
ations. For simplification it is advantageous to determine simple sets with a few
points. For instance, line segments, which are defined with two points, can be
used. By substituting into the formulas, we can calculate the coordinates of the
points (counter images), whose number is x* times as much. In the s-th step, we
get 2x3% points. We are able to calculate in this way only a few iterations, but
usually in a few steps succeeding iterates are indistinguishable. The length of the
line segments in the s-th step is Hiil riir € {1,2,3}.

When we get the pairs of the particular points, we can easily plot the line seg-
ments being the last iterates out of them. Because of the monitor and eye resolu-
tion, to perform contractions in the line segments shorter than thousandths of the
plotted interval length is no use.

In our case, we would like to consider the composition F' = F3 o F, o F} of three
Hutchinson—-Barnsley maps and its projection into two-dimensional space, i.e. we
take x* similitudes. Creating one system by composing n = 3 maps Fi, F>, F3
would, needless to say, be feasible, and would contain X0 mappings; nonetheless,
the possibility of modelling the segmentation of language structures would be lost.
Any composition of contractions (similitudes) is again a contraction (similitude),
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i.e. there is an attractor of the composition F, and the iterations of a line segment
initial set will be composed of line segments. Thus, we create the sequence

[0,1], Fi([0,1]), F2(F1([0,1])), F3(F2(F1([0,1]))) = F ([0, 1]), F1(F([0,1])),
R(F(F([0,1]))), F*([0,1]) = F(F([0,1])), Fyi(F*([0,1])), ...

But we plot solely the iterates of the composed mapping F*([0, 1]).

One can easily draw iterates of line segments in MATLAB. As already pointed
out, it only suffices to the ends of line segments by mappings determined by Fi,
F>, F3, because the MATLAB instruction line connects the ends.

Two first approximations of a visualized (sign) language fractal can look as
those depicted in Figures 5.1 and 5.2. Its fractal dimension is D = 9.465.
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Figure 5.1: Two-dimensional projection of the first approximation of a (sign) language
fractal
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Figure 5.2: Two-dimensional projection of the second approximation of a (sign) language
fractal
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| Start of the experiment |

| Choice of the text |

| Test of the sample text representativeness |

NO

Is the sample
representative?

Are we able
YES to justify the experiment
follow-up?
YES
| Quantifying the text |
| Regression analysis | | Numerical analysis |
1
Finding parameters Finding parameters
Ai,bi,ci,i:1,2,3 Ai,b,’,ci,i:1,2,3

Are all b
positive?

Are all b
positive?

Statistical analysis of
experiment reliability

| Calculation of D | | Calculation of D |
| ]

| Fractal analysis |
)

| Vizualization |

| Interpretation |
[

F
| End of the experiment |

Figure 5.3: The flow chart depicting the steps of the fractal analysis of the text

5.2 Looking for the constituents of signs

Due to the simultaneous character of the manual signs (as mentioned above), one
of the most challenging tasks is to develop a method of counting the length of
signs (the number of constituents). One of the proposed methods is a simple sum
of all morphemes which are produced over its course, according to these sign
parameters:

e sign location in the articulation space (TAB)

e shape of the articulating hand/hands (DEZ)
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orientation of the palm/palms (ORII)

orientation of fingers (ORI2)

movements of the hand/hands (SIG)

mutual hand arrangement in two-handed signs (HA)

Table 5.1: The design of the analysis and notation of the total morpheme number in the
one-handed sign (CHOOSE)

Number of morphemes*
Parameter | Right hand | Left hand
TAB 1 0
DEZ 2 0
ORIl 1 0
ORI2 1 0
SIG 1 0
CHOOSE HA 0
Total 6

*The number of morphemes in the above-mentioned examples indicates the number of values which
can be obtained by a certain parameter in a sign. The place of articulation of the sign CHOOSE is, for
example, unchanged (TAB = 1) as well as the palm orientation (ORIl = 1) and the orientation of the
fingers (ORI2 = 1) while the movement of a hand is not repeated (SIG = 1). The original shape of the
hands, however, is changed (DEZ = 2).

A number of studies performed on ASL indicate that certain hand shapes can
affect the perception of sign complexity (cf. Brentari, 2011; Brentari et al., 2017).
In the case of the Czech sign language, this has not yet been proven. The ta-
ble presented above indicates that the total number of morphemes is significantly
influenced by the number of hands (which are used to create a sign) and the num-
ber of phonologically important phonemes in the individual parameters of signs
(morphemes). The question remains, however, as to whether the two-handed sign
(with a higher total sum of morphemes) is actually perceived by users of sign lan-
guage as significantly more difficult to learn and remember than the one-handed
sign with a logically lower number of morphemes.

motion_matrix
= Hwithout contact
o 1Hwith contact
o 2H asymmetric
= 2Hnonsymmetic
= 2H semisymmetric

com

= 2H symmetric

o composed

1 2 3 4
rating

Figure 5.3: The dependence of the average value of the complexity of the sign on the
number of morphemes
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We consequently conducted a study aimed at detecting the dependence between
the number of sign morphemes, their belonging to defined motion matrices, and
the assessment of their complexity by the users (see Chapter 10 below and cf.
Langer, Rypka, 2017). The linear dependency of the complexity of the sign on
the number of its morphemes (see Figure 8 below) makes obvious, although not
entirely essential (the correlation reaches the value 0.4), the distribution of the
values of the average assessment of the complexity of the signs. In addition,
the non-standard placement of signs SO8, S09, S24, S25, S26 and S28 is appar-
ent, where they are assessed as relatively simple, despite a rather high number
of morphemes. Due to the fact that they are two-handed symmetrical signs (2H
symmetrical), the question emerges if there is an unwanted overrating of the total
number of morphemes among these signs, since it is basically a mirror image and
motion with both hands.

The performed research confirmed the original theoretical assumption that the
number of morphemes (phonemes which carry meaning) in Czech sign language
signs proportionally influences the subjective perception of the complexity of the
presented signs. The number of morphemes was stated at the beginning of the
research in a way that referred to the sum of phonologically important phonemes
occurring during the articulation of a sign within the individual parameters of
a sign for both the dominant and the non-dominant hand. An important factor in
perceiving the complexity of the signs may be specific hand shapes or motions,
but our study does not currently address this phenomenon.

The results stated above were also essential for the execution of the quantita-
tively linguistic analysis of Czech sign language, for which the number of mor-
phemes of the individual signs is the lowest level of the observed hierarchical
structure.

Our experiments thus far have unfortunately only shown that the relationship
between the length of the constituents (counted in the number of morphemes in
the signs) and the length of the constructs (counted in the number of signs) do
not match the MAL. Our next attempt will therefore be further experimental seg-
mentation and subsequent identification of the number of constituents below the
sign’s level.

To detect supra-sentence levels of a sign language is another challenge for our
future research.






Peter Angermann, Interaction, 1990, animated painting



6 STATISTICAL VERIFICATION OF RESULTS

6.1 Convention for the usage of the MAL formulas

In our former Chapter 3, the following four formulas of the Menzerath—-Altmann
law (one of the generally accepted linguistic laws formulated in a quantitative
way):
Dy=yx?,
I y=Ax""?,

D) y=yx be 1),

IV) y = Ax e,
where A, b, c¢ are real parameters, were examined from two perspectives. The
first goal was related to the best approximation of given data, while the second
one was especially concentrated on the accuracy of a calculated shape parameter
b which is necessary for the fractal analysis of the text.

For the conclusions dealing with optimal strategies (i.e. the balance between
rigorousness and simplicity), we have always presumed that the structure of given
data is statistically significant. In particular, in Section 3.3 titled “Comparison of
accuracy of parameter estimations”, the term %2 in the formula

2
Var(®(Y;),N) := %M*l(s)
for covariance matrix of the regression parameter estimates, was assumed to be
equal to 1.

In the present chapter, only formulas I), II) and IV) will be taken into account.
On the other hand, the length y of constituents will be considered not only as
the mean value ¥ as in Chapter 3, but also as the set {y} of partially averaged
values of y, which we call semi-averaging. More concretely, for each construct,
we make individually the averaging of its associated constituents. For instance,
for the sentence constituted of 2 clauses with lengths 2 and 3 words (signs), we
have x =2 and y = (2+3)/2 = 2.5. In this way, we make a certain normalization,
because the frequencies of constructs will be always equal to 1. On the other hand,
in the case without any averaging, the lengths of constituents would be integers,
but the frequencies of constructs should be taken, rather curiously, noninteger-
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valued, in general. Therefore, the formulas I), IT) and IV) as above will concern
this time the situation with semi-averaging, while the “bar” formulas, i.e.

) y=yx?,

M y=Ax"?,

IV) 5= Axbe,
will be those with the averaged values y of y € {y}, i.e. the averaged value of
semi-averaged values.

All formulas are again supposed to be applied to three pairs of linguistic levels.
For instance, for spoken languages: level 1, i.e. semantic constructs! vs. clauses,
level 2, i.e. clauses vs. words, level 3, i.e. words vs. syllables. For a sign language,
we would also like to examine at least three pairs of linguistic levels like: sen-
tences vs. clauses, clauses vs. signs, signs vs. morphemes, but as already pointed
out (see e.g. the arguments in the foregoing Chapter 5), the multidimensional (si-
multaneous) character of the lowest level brings some serious obstructions.

In this chapter, the structure of given data will be mainly examined in detail
from the statistical point of view. More concretely, their normality will be tested
by the Kolmogorov—Smirnov test (see e.g. Thode, 2002), their homoscedasticity
resp. heteroscedasticity will be tested by the White test (see e.g. White, 1980).
The quality of fitting will be checked by means of the residual standard error, the
root mean square error, the normalized root mean square error and the coefficient
of determination (see e.g. Montgomery, Peck, Vinig, 2006).

The appropriate model for the calculation of real parameters A, b, ¢ should be
selected just on the basis of such an analysis. In the case of non-normality, the
related confidence intervals should be calculated by the bootstrap technique (for
more details, see e.g. Efron, Tibshirani, 1993).

~ <

6.2 Some preliminaries from statistics

In the entire chapter, the symbol N denotes the total number of observed values
yj € {y}, while n stands for the number of different construct lengths. Let us note
that N and n can differ for different linguistic levels.

Using the logarithmic transformation, all models under consideration can be
linearized. Thus, for the models I), IT) and IV), when the values of constituent
lengths are semi-averaged, we obtain linear models of the form:

adI) InY; =Iny, —blnx; +¢;, j=1,2,...,N,
adIl) InY; =InA —blnx;j+e¢;, j=1,2,...,N,
adIV) InY; =InA —blnx; +cx;+¢€j, j=1,2,...,N.
Here, y; is the average of the observed constituent lengths y; of the shortest con-
struct with the length x;. The symbol &; denotes the j-th random error; ¥; means
the j-th observation, its realization is y;. We will use the general matrix form

'We followed Hiebiek’s suggestion, in the private communication with the second author, to call
the unit at the top of our chain of linguistic units the semantic construct, instead of the hreb or the
aggregate, as documented in Andres et al. (2012a). Yet, we are open to use any other terminology in
case it is proved in the further experiments that the MAL parameters are not suitable for measuring
semanticity of a given sample.
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for the models as well as for the estimators which are more suitable for further
consideration. In particular, the matrix form of the linearized models I), II) and
IV) reads Y* = X*B + &, where the j-th element of the vector Y™, the j-th row of
the matrix X* and the vector B of unknown regression parameters are

adl) Y/ =InY;—Iny;, x; = —Inx;, B =b,
adIl) Y7 =InY;, x;" = (1,—Inx;), B = (InA,b)",

adIV) Y =InY;, x;" = (1,—Inx;,x;), B = (InA,b,c)".

The vector parameter 8 can be estimated either by the ordinary least squares
estimator (OLSE), or by the weighted least squares estimator (WLSE) (cf. e.g.
Chatterjee, Hadi, 2006, Montgomery, Peck, Vinig, 2006), in accordance with the
assumptions imposed on random errors €;. More precisely, if the dispersion of
random errors is constant, then we speak about homoscedasticity, otherwise, we
speak about heteroscedasticity. For the homoscedasticity with constant dispersion
o2, the OLSE of the vector parameter B is (cf. e.g. Montgomery, Peck, Vinig,
20006) R

B _ (X*TX*)_IX*TY*, 6.1)
with the covariance matrix
var(B) = >(X*TX*) ", 6.2)

where 62 is the unknown parameter to be estimated. The unbiased estimator of
o2 is (cf. e.g. Efron, Tibshirani, 1993)

L, X =XB)T (Y —XB
g O XD XF) )

where K is the number of regression parameters (the length of the vector B). Once
the parameter ¢ is estimated, its value can be plugged into the formula (6.2), by
which the covariance matrix can be estimated as well.

For the heteroscedasticity, when the dispersion of random error g; is sz,
Jj=1,2,...,N, the formula for the WLSE of the vector parameter B takes the
form

B — (X*T‘ij1)(*)7lx>kT‘R771Y*7 VaI(B) — (X*walx*)717 (64)

where W = diag{07,07,...,0%} is a diagonal matrix.

If random errors are heteroscedastic, the relationship between errors and ex-
planatory variables should be analysed in order to estimate the dispersions 612,
622, ce GI%,. The algorithm is the following. Firstly, the OLSE of B and cor-

responding residual vector e = y* — X*B are calculated. Next, the relationship
between 61»2 and explanatory variables is fitted applying the ordinary least squares
method to residual vector e. Consequently, 612, 622, R GI%, are estimated. Finally,
the estimates of GJZ are plugged into the matrix W, and the WLSE of B can be
determined. Specific situations will be discussed in detail in the next section.

If averaged models are analysed, the procedure is similar. More concretely, the
matrix form of models takes the form Y~ = X*B + &, where the k-th element of the
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vector Y, the k-th row of the matrix X* and the vector B of unknown regression
parameters are

adl) Y, =InY; —Iny, x; = —Inxy, B=b, k=1,2,....n,

adTl) Y, =Y, x;” = (1,—Inx), B = (InA,0)", k=1,2,...,n,

ad V) Y =InYy, x;7 = (1, Inxz, i), B = (InA,b,c)”, k=1,2,....n.
Thus, the formula for the ordinary least squares estimator of B is given by the
equation (6.1), when the vector Y* is replaced by ¥ . Analogously, the parameter
o2 is unbiasedly estimated by the formula (6.3), using n instead of N. In this
case, the explicit formulas for the OLSE of the parameters A, b, c are derived in
Chapter 3.

When the weights w; = z;/ Y}, z, where z; is the frequency of the i-th con-
struct, are also taken into account in the averaged models, the vector parameter
B should be estimated by the weighted least squares method using the expres-
sions (6.4), where W = diag{1/wy,1/wa,...,1/w,} is a diagonal matrix of the
reciprocal values of weights. Let us note that the dispersions of random errors
&, equal o2 /wg, and so they are not constant in this case. Thus, the covariance

matrix of B is estimated by 62 (X*TW’IX*)’I, where the unbiased estimator of
the parameter o7 is given by
(T -XB)W (¥ —X'B)

o= — . (6.5)

Once the model is fitted, the assumptions of homoscedasticity (in the case for
averaged models without weights and models with semi-averaging) and normality
distribution of random errors should be tested. Homoscedasticity can be tested,
e.g., by the White test (see e.g. White, 1980). Normality can be tested, e.g., by
the Shapiro—Wilk test or by the Kolmogorov—Smirnov test (see e.g. Thode, 2002)
applied to standardized residuals

var(e) = 6> (W - X*(X*TW‘1X*)‘1X*T) .

T
el en
<\/var(e1)7m’ «/Var(eN)> 7

The formulas are valid for heteroscedastic models with semi-averaging. For ho-
moscedastic models, the identity matrix is used, instead of matrix W. When av-
eraged models are analysed, the subscript runs from 1 to .

If normality of random errors is not rejected, a confidence interval can be deter-
mined in a standard way by the Wald statistic (cf. e.g. Montgomery, Peck, Vinig,
2006). In particular, the 100(1 — ot)% confidence interval for the parameter b is

Ii_o(b) = [B— 6/ var(b)iy_k(1—a/2),b+ 61/ var(b)iy k(1 — /2)] ,

where #y_g (1 — @/2) means the (1 — o;/2)-quantile of the Student z-distribution
with N — K degrees of freedom. If the parameter b is estimated in averaged mod-
els, the number N is replaced by n. The level of 100(1 — o&¢)% confidence of the
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confidence interval indicates the probability that the confidence range captures the
true value of the parameter b.

When random errors do not manifest the normal distribution, a confidence in-
terval for b can be determined by bootstrap percentiles (cf. e.g. Efron, Tibshirani,
1993). The bootstrap techniques are based on a bootstrap data set. The usual way
of bootstrapping a regression model consists of bootstrapping pairs (xj-, y;j) from
the original data set, so that a bootstrap data set d is of the form

d = {(le 7yj1)3 (szayjz)a Tt (x;k‘NayjN)}a

where indices ji, jo, ..., jy represent a random sample of the integers from 1 to V.
Obviously, the bootstrap data set consists of pairs (x}‘-, yj), some appearing zero
times, some appearing once, some appearing twice, etc. Let us note that bootstrap
data sets should be taken from the original data set with semi-averaging.

The algorithm for determination of a bootstrap confidence interval is the fol-
lowing. Firstly, we generate B independent bootstrap data sets dy.,d>...,dp.
For each bootstrap data set, we fit the model and compute the estimates b(d;),
j=1,2,...,B. Then, we determine 100(ct/2)-th and 100(1 — &/2)-th empir-

ical percentiles of Z(d j)-estimates. These percentiles will be denoted as bg/ :
and bg_a/ 2, respectively. It means that bg/ % is the B(a/2)-th value in the or-

dered list of values b. If B(ct/2) is not an integer, we can take the largest integer

k< (B+1)(a/2) and define bg/ ® by the k-th largest values of b(d ;). The result-
ing approximate 100(1 — )% bootstrap confidence interval for the parameter b
reads

I o(b) = [bg/ 2 pi=e 2} .

The authors of the book Efron, Tibshirani (1993) suggest a general rule of
thumb about the number of bootstrap replications B, for bootstrap confidence
intervals, such that B should be from the interval [500,1000]. Let us note that
the percentile bootstrap confidence intervals are meanigful only if the bootstrap
statistic has a symmetric distribution. As a simple way for verification such a sym-
metry, we recommend to construct a histogram of bootstrap realizations and to to
check the symmetry graphically.

The goodness of fit measures (cf. e.g. Montgomery, Peck, Vinig, 2006) of a re-
gression model widely used in practice can be characterized by means of the
residual standard error G, the root mean square error (RMSE), the normalized
root mean square error (NRMSE) and the coefficient of determination R*. The
first three measures characterize the achieved precision fit, the latter one repre-
sents the proportion of variation explained by the model.

The quantities of RMSE and & can be interpreted as the average deviation of
fitted and observed values of y. They can range from zero to infinity; obviously,
the lower the values, the better. Since the RMSE is scale-dependent (RMSE has
the same unit as the dependent variable), the application of the normalized root
mean square error is more suitable. The value is often expressed as a percentage,
where lower values indicate less residual variance.
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The coefficient of determination R tells us how accurately our model explains
a phenomena. It takes values from zero to one; obviously, the higher the values,
the better. In soft sciences, we believe that the threshold for a good model can
start from 0.5.

The related formulas for residual standard errors are given by the square root
expressions in (6.3) and (6.5). For heteroscedastic models with semi-averaging,
symbol n is replaced by N in formula (6.5). Formulas for RMSE, NRMSE and R?
for heteroscedastic models with semi-averaging are as follows:

NRMSE =
N 7 ) Y;Fnin ’

max

* *AT —1 * o
RMSE:\/(Y X*B)W-(¥* — X*B) RMSE

o1 ¥ ~X'B)"'W (' —X"B)
(Y=Y, )TW L (¥* =Y, 1)

where Yy, = ('W~'1)"'1"W~!. Here, the symbol 1 denotes the vector of N
units. For homoscedastic models, the identity matrix is used, instead of matrix
W. For averaged models, the symbol N is replaced by n. Note that, for cases I, 1",
I (i.e. for the models without intercept), the value of R? is computed as follows:

(Y* - X*E)TW_I (Y* - X*E)

R*=1-
Y*TW—ly*

)

(see e.g. Eisenhauer, 2003).

6.3 Concluding remark to a suitability of various
approaches

In the case of semi-averaging, the statistical criteria have not been usually suitably
satisfied. For instance, extremely low values of the coefficient of determination
R? were obtained in our experiment from a spoken language, described in Andres,
Benesova, Chvostekova, Fiserova (2014). We have also checked that the same is
(even worse) true in the case with any averaging. Moreover, in the latter case, the
integer-valued constituent lengths would require a completely different statistical
methodology. This suggests to apply preferably the averaged formulas.






Peter Angermann, A. I. (Nohandsfractal),2001, oil on canvas



7 EXPERIMENT 1: TOWARDS A FRACTAL
ANALYSIS OF THE SIGN LANGUAGE

7.1 Formulation of goal

Hrebicek formulated two versions of the conjecture about a fractal structure of
languages. The weak version simply says that the Menzerath—-Altmann law (MAL),
Sformulated by Altmann (see Altmann, 1980), holds for all language levels, in-
cluding supra-sentence levels like semantic constructs (for their definition, see
Hrebicek, 1992). In other words, language structures exhibit a self-similarity
property with respect to the validity of MAL on each level, up to the parameters
which characterize a given language structure. The strong version is based on an
isomorphism between the logarithmized form of MAL and the Moran—Hutchinson
formula (see e.g. Barnsley, 2013) for the calculation of the fractal dimension of
strictly self-similar objects.

Relaxing the regularity of the lexicographic trees and the strict self-similarity
property to the block regularity and the block self-similarity, where the self-
similarity property holds in blocks, but not necessarily on each level, we were
able to generalize the formula for the calculation of the fractal dimension of lan-
guage fractals (i.e. texts for which all the “shape” parameters of MAL are posi-
tive). The calculated dimension is called there a measure of semanticity of a given
text (see Chapter 4). For some further information about the fractality of spoken
language texts, see e.g. Andres, BeneSovd, Kubacek, Vrbkova (2012a), Ausloos
(2010, 2012), Drozdz et al. (2016), Kohler (1995, 1997, 2008, 2014) and Monte-
murro, Pury (2002).

It is a natural challenge to ask whether or not a fractal structure conjecture
can be extended from spoken languages to a sign language? There is an enor-
mous amount of the literature about the analysis of a sign language, including the
quantitative analysis (see e.g. Frosini, 1991; Frosini, Landi, 2001; Handouyabhia,
Ziou, Wang, 1999; Johnston, Schembri, 2007; Joshua, Borneman, Malaia, Wilbur,
2018; Malaia, 2017; Malaia, Borneman, Wilbur, 2016, 2018; Stewart, 2014; Uras,
Verri, 1994, 1995, and the references therein). In particular, the fractal complexity
investigation in the recent papers by Joshua, Borneman, Malaia, Wilbur (2018)
and Malaia, Borneman, Wilbur (2016, 2018) is along the lines of our present
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122 Experiment 1: Towards a fractal analysis of the sign language

research aim. On the other hand, despite a further isomorphism between the ap-
plied mathematical formulas, our tools and approaches are completely different.

This chapter is organized as follows. At first, it will be convenient to col-
lect some basic preliminaries from a sign language in comparison to spoken lan-
guages. Then the applied mathematical and statistical elements will be briefly
recalled. The obtained results of our analysis will be presented in the form of
tables and graphs. Finally, they will be discussed and commented in concluding
remarks.

7.2 Basic preliminaries from sign language

Sign languages differ from vocal spoken languages, besides other things, by the
mode of their existence. In particular, unlike audio-oral spoken languages, sign
languages are of a visual-motor nature. Moreover, unlike de Saussure’s principle
of linearity holding in principle for spoken languages (see e.g. Andres, 2009, and
the references therein), the character of sign languages is obviously simultaneous
(multidimensional). Nevertheless, it is usually expected that sign languages of the
deaf have all the necessary characteristics of natural languages and are therefore
full-fledged (cf. Stokoe, 1960). The nature of a sign language does not however
reflect the character of natural languages in many aspects like the mentioned mul-
tidimensionality vs one-dimensionality (i.e. linearity) of spoken languages as well
as their hierarchical structures.

Schematically, the comparison of the hierarchical structure of spoken and sign
languages can be roughly expressed in Table 7.1.

As concerns our experiments, the research data of the Czech sign language
were collected by the usual elicitation method, i.e. solely from native speakers of
Czech sign language in the shape of monologues on given topics like: my hobbies,
last holiday, my family, my job, etc., in natural environments. Three thoroughly
selected native deaf speakers of Czech sign language supervised the grammar and
lexical levels of 31 recorded speeches which were approximately 10 minutes long.
They have been recorded in Czech sign language from various respondents and
filmed by means of digital video cameras with high resolution.

Table 7.1: Language levels in the text/speech (constructs and constituents)

Spoken language Sign language
semantic construct ?
sentence sentence

clause clause
word sign
syllable ?
phoneme (letter) ? (phoneme/morpheme)
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For the annotation and segmentation of research data, the application ELAN
language annotator was used. In this application, it is also possible to define the
lengths of individual constituents, when using the timeline. Segmentation was
carried out by deaf native Czech sign language speakers under the supervision of
a deaf supervisor with linguistic education. The detection of language units (sen-
tences, clauses, signs) was based on the empirical experience of native speakers
of Czech sign language in analogy with spoken languages (see Altmann, 1980;
Andres, BenesSova, Kubacek, Vrbkova, 2012; Hiebicek, 1992).

Along the lines of the ideas of Kohler (2014), there are two ways of counting
the lengths of constituents. The first one is to count the number of individual units
of a given level. In the second, one calculates the time lengths. For a given text,
these two techniques (Kohler speaks with this respect about “motifs”) can also be
confirmed on different levels.

7.3 Applied formulas of MAL

As a main tool, we will employ the Menzerath—Altmann law (MAL).
Heuristically, it says that the longer a language construct is, the shorter its
constituents are. Geometrically, the related graphs of the respective functions, ex-
pressing the dependence between constructs and constituents, should be decreas-
ing. Mathematically, the complete formula of MAL takes the form (see Chapter 3)

y=Axbe*, (7.1)
or, equivalently (for b # 0),

logx

1
b A ’
log (y exp(cx))
where A, b, ¢ are real parameters, e =2.718... is the Euler number, x are natural
numbers and y are real numbers.
For ¢ = 0, it reduces to the truncated formula, namely

1 1

y=Ax", resp. (forb#£0), ~ = 2% _ 1.2)

(]

)/
In the particular case, when Ae¢ = y(1) = y1, we get the formula

—b_c(x—1) 1 logx

y=yx ‘e , resp. (forb#0), — = , (7.3)
b 1og (% exp(cx — e))
which for ¢ = 0 reduces to
~b resp. (for b #£0) ! logx (7.4)
= X . _— = . B
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The most important parameter b, which should be according to heuristic as
well as geometric versions positive, is usually called a shape parameter. For its
numerical calculations, statistical verifications and optimal usage of the above
formulas, see Chapters 3 and 6.

Our task will be so to detect the situations in which the calculated shape coeffi-
cient b is positive. We will also have to verify the obtained results statistically, by
means of the following standard criteria (see Chapter 6):

e The root mean square error (RMSE) and the normalized root mean square
error (NRMSE).

e The coefficient of determination R* € [0,1].

e Homoscedasticity.

e Normality.

If we are able to consider n (sign) language levels and if all the shape parameters
b;, i =1,...,n (the index i indicates the appropriate level) are there positive, i.e.
b; > 0, for every i = 1,...,n, then we can speak about a (sign) language fractal.

Its fractal dimension
n

D=—""—/—
by+-+by
i.e. the reciprocal value of the arithmetic average of all shape parameters, is called

the measure of semanticity of a (sign) language fractal. For more details, see
Chapter 4.

(7.5)

7.4 Results of analysis

We will consider two sign language levels (sentences vs clauses and clauses vs
signs). The lengths of level units will be measured in three, resp. two different
ways (cases 1, 2, 3). All the formulas (7.1)—(7.4) of MAL from Section 7.3 will
be applied, where formula (7.1) corresponds to model 4, formula (7.2) to model 2,
formula (7.3) to model 3 and formula (7.4) to model 1. The values of constituents
will be averaged in an arithmetic way. The relative frequencies of constructs,
called weights, will be implemented into calculations in an extra way (i.e. alter-
natively to calculations without their implementation), which is briefly indicated
as “weighted”.

Level 1 - length of sentences in constituents vs average length of clauses in
subconstituents

The three cases in Table 7.2 will be under our consideration.

Table 7.2: Overview of units of constructs and constituents at Level 1

Construct Constituent — averaged

Case (in constituents) (in subconstituents)

1 sentence (in number of clauses) | clause (in number of signs)

2 sentence (in seconds) clause (in seconds)

3 sentence (in number of clauses) clause (in seconds)
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Table 7.3: The relationship between the lengths of sentences x (measured in the number of
clauses), occurring with the frequency of z, and the average lengths of clauses y (measured

in the number of signs)

x y z X y z X y z
1 5.2222 9 5 | 3.6800 | 50 9 4.7778 9
2 | 42121 66 6 | 2.2500 12 10 | 2.6000 10
3 | 4.8000 15 7 | 25714 7 11 1.9091 11
4 | 3.1154 | 52 8 | 2.9375 16
5.5
4.7+
= 3.9
é3.1—
el & e
e
1‘KD 1 2 3 4 5 6 ‘7 8 9 10 1 12

IConstruct|

Figure 7.1: The graph illustrating the MAL curve calculated from the input data presented
in Table 7.3

474

[Constituent|

[Construct!

Figure 7.2 (weighted): The graph illustrating the MAL curve calculated from the input data
presented in Table 7.3
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Table 7.4: Statistical evaluation of the experiment at Level 1, Case 1; A, b, c are the param-
eters of MAL, (normalized) root mean square error, R? is the coefficient of determination,
homoscedasticity and normality

A b ¢ | RMSE|NRMSE| &2 g;s't‘}gftcye Normality
Model 1 0.2940 0.2345 | 0.2330 | 0.8268 | not rejected | not rejected
Model 2 | 5.3995| 0.3115 0.2341 | 0.2326 | 0.4719 | not rejected | not rejected
Model 3 0.2426 | -0.0155 | 0.2337 | 0.2323 | 0.8279 | not rejected | not rejected
Model 4 | 5.3472 | 0.2544 | -0.0135 | 0.2337 | 0.2323 | 0.4736 | not rejected | not rejected

Table 7.5: Statistical evaluation of the experiment at Level 1, Case 1 (weighted); A, b, ¢
are the parameters of MAL, (normalized) root mean square error, R? is the coefficient of
determination, homoscedasticity and normality

A b ¢ | RMSE |NRMSE| R? g:s‘:l‘glstcye Normality
Model 1 0.2929 0.8189 | 0.8138 | 0.8695 | not rejected | not rejected
Model 2 | 5.2580 | 0.2971 0.8188 | 0.8137 | 0.5188 | not rejected | not rejected
Model 3 0.2664 | -0.0091 | 0.8173 | 0.8122 | 0.8701 | not rejected | not rejected
Model 4 | 5.1629 | 0.2307 | -0.0157 | 0.8165 | 0.8114 | 0.5216 | not rejected | not rejected

Level 1, Case 2

65— °
5.2—

3.9+

26— L /
7z

2 ° ° ° =— lodel 3
=] ® 2 %0 °® b - —— lodel2
' 4 P ) Model 4
° — Model 1

K

[Construct|

[Constiuent|

Figure 7.3 (weighted): The graph illustrating the MAL curve calculated from the input data
presented in Table 7.6
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Table 7.6: The relationship between the lengths of sentences x (measured in seconds), oc-
curring with the frequency of z, and the average lengths of clauses y (measured in seconds)

X y z X y b4 X y z X y z
0.6300 | 2 { 0.3180 || 4.4310 | 2 | 2.1875 || 6.0730 | 4 | 1.4890 || 10.0410 | 5 | 1.9908
0.6800 | 1 | 0.6410 || 4.5940 | 4 | 1.1380 || 6.2450 | 2 | 3.0950 || 10.7490 | 2 | 5.3810
1.2080 | 1| 1.2150 || 4.7300 | 1 | 4.7290 || 6.6190 | 2 | 3.3050 || 10.9260 | 5 | 1.9822
2.2090 | 1 |2.1690 || 4.7820 | 2 | 2.3500 || 6.7160 | 2 | 3.3260 || 11.1220 | 3 | 3.6977
2.3200 | 1 |2.2920 || 4.7840 | 2 | 2.3830 || 6.8380 | 5 | 1.3484 || 11.1950 | 4 | 2.7850
2.4050 | 2 | 1.1960 || 4.9040 | 2 | 2.4290 || 6.8530 | 4 | 1.6760 || 11.6930 | 5 | 2.3194
2.6070 | 2 | 1.2820 || 5.0350 | 1 | 5.0420 || 7.3420 | 3 | 2.4337 || 11.8200 | 5 | 2.3514
2.7600 | 1 | 2.7040 || 5.0550 | 1 | 5.0440 || 7.9730 | 7 | 2.2543 || 12.5190 | 7 | 1.7711
2.9080 | 2 | 1.4560 || 5.1560 | 2 | 2.5690 || 8.0940 | 2 | 4.0175 || 12.6030 | 8 | 1.5509
3.0040 | 2 | 1.4875 || 5.2750 | 2 | 2.6185 || 8.1910 | 3 | 2.7040 || 12.610 | 3 | 4.1720
3.0750 | 2 | 1.5115 || 5.3460 | 4 | 1.3103 || 8.6280 | 4 | 2.1483 || 12.9350 | 5 | 2.5572
3.1950 | 2 | 1.4765 || 5.3650 | 2 | 2.6510 || 8.7380 | 6 | 1.4350 || 12.9790 | 2 | 6.4725
3.3690 | 2 | 1.6790 || 5.4720 | 2 | 2.7170 || 8.8720 | 5 | 1.7552 || 13.2430 | 4 | 3.2905
3.5000 | 2 | 1.7230 || 5.4960 | 4 | 1.3533 || 8.8830 | 2 | 4.4145 || 14.6580 | 11 | 1.3043
3.5220 | 2 | 1.7265 || 5.5740 | 2 | 2.7755 || 9.0600 | 4 | 2.2333 || 17.6040 | 8 | 2.1756
3.5940 | 2 | 1.7680 || 5.7430 | 2 | 2.8380 || 9.4880 | 6 | 1.5590 || 17.7070 | 10 | 1.7490
3.6870 | 4 | 0.9033 || 5.8510 | 2 | 2.8995 || 9.6530 | 2 | 4.8050 || 28.1860 | 9 | 3.1050
4.1360 | 3| 1.3543 || 5.8660 | 2 | 2.9230 || 9.7070 | 4 | 2.4065 || 30.8980 | 5 | 6.1586
4.1600 | 2| 1.5085 || 5.9290 | 5 | 1.1672 || 9.9270 | 2 | 4.9525
4.3400 | 21 2.1380 || 5.9700 | 1 | 5.9510 || 9.9370 | 4 | 2.4745

o
- °
P
, e
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Figure 7.4 (weighted): The graph illustrating the MAL curve calculated from the input data

presented in Table 7.6
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Table 7.7: Statistical evaluation of the experiment at Level 1, Case 2; A, b, c are the param-
eters of MAL, (normalized) root mean square error, R? is the coefficient of determination,
homoscedasticity and normality

A b ¢ | RMSE |NRMSE | R? g{;’s‘t‘:gi;e Normality
Model 1 0.0008 2.1344 | 0.7083 | 0.0002 | rejected | not rejected
Model 2 | 0.1217 | -0.3338 1.6725 | 0.5551 |0.2290 | rejected | notrejected
Model 3 0.0282 | 0.0000 | 1.7970 | 0.5963 | 0.1355| rejected | not rejected
Model 4 | 0.0943 | -0.3677 | 0.0000 | 1.6819 | 0.5582 | 0.2292 | rejected | not rejected

Table 7.8: Statistical evaluation of the experiment at Level 1, Case 2 (weighted); A, b, ¢
are the parameters of MAL, (normalized) root mean square error, R? is the coefficient of
determination, homoscedasticity and normality

A b ¢ |RMSE |NRMSE| R2 gfs't‘:gft;e Normality
Model 1 0.0001 1.8814 | 0.6244 |0.0000 | rejected | notrejected
Model 2 | 0.1218 | -0.3337 1.8641 | 0.6186 |0.2267 | rejected | notrejected
Model 3 0.0463 | 0.0000 | 0.7642 | 0.2536 | 0.1834 | not rejected | not rejected
Model 4 | 0.0956 | -0.3660 | 0.0000 | 1.8868 | 0.6262 | 0.2312| rejected | not rejected

Level 1, Case 3

Table 7.9: The relationship between the lengths of sentences x (measured in the number of
clauses), occurring with the frequency of z, and the average lengths of clauses y (measured
in seconds)

X y b4 X y z X y z
1 3.3097 5 2.3134 50 9 3.1050

2 2.6865 66 6 1.4970 12 10 1.7490 10
3 2.9991 15 7 1.7711 7 11 1.3043 11
4 1.9739 52 8 1.8633 16

3.5
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Figure 7.5: The graph illustrating the MAL curve calculated from the input data presented
in Table 7.9
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Table 7.10: Statistical evaluation of the experiment at Level 1, Case 3; A, b, c are the param-
eters of MAL, (normalized) root mean square error, R? is the coefficient of determination,
homoscedasticity and normality

A b ¢ | RMSE |NRMSE| R? g;’s‘t‘:gz‘;e Normality
Model 1 0.2761 0.2198 | 0.2361 |0.8272 | not rejected | not rejected
Model 2 | 3.3526 | 0.2828 0.2198 | 0.2360 | 0.4552 | not rejected | not rejected
Model 3 0.2637 | -0.0037 | 0.2198 | 0.2360 | 0.8273 | not rejected | not rejected
Model 4 | 3.3481 | 0.2750 | -0.0019 | 0.2198 | 0.2360 | 0.4553 | not rejected | not rejected

[Construct|

Figure 7.6 (weighted): The graph illustrating the MAL curve calculated from the input data
presented in Table 7.9

Table 7.11: Statistical evaluation of the experiment at Level 1, Case 3 (weighted); A, b, ¢
are the parameters of MAL, (normalized) root mean square error, R? is the coefficient of
determination, homoscedasticity and normality

A b ¢ |RMSE NRMSE| R E‘;‘gglst‘;e Normality
Model 1 0.2834 0.7686 | 0.8253 | 0.8763 | not rejected | not rejected
Model 2 | 3.2726 | 0.2765 0.7683 | 0.8250 | 0.5148 | not rejected | not rejected
Model 3 0.2927 | 0.0032 | 0.7683 | 0.8251 | 0.8764 | not rejected | not rejected
Model 4 | 3.2762 | 0.2805 | 0.0009 | 0.7682 | 0.8250 | 0.5148 | not rejected | not rejected

Level 2 — length of clauses in constituents vs average length of signs in sub-
constituents

The same procedure has been applied to the relationship between clauses and
signs.
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Table 7.12: Overview of units of constructs and constituents at Level 2

Case Construct Constituent — averaged
(in constituents) (in subconstituents)
1 clause (in number of signs) signs (in number of
phonemes/morphemes?)
2 clause (in seconds) signs (in seconds)
3 clause (in number of signs) signs (in seconds)

Level 2, Case 1

In view of the above-mentioned simultaneity (multidimensionality) of sign lan-
guages (see Section 2), it is difficult to identify the number of constituents com-
posing signs as the smallest semantic units of a sign language for the purposes
of quantitative analysis. The analogy of syllables (for the words of spoken lan-
guages) could not be identified successfully. So we were forced to skip this level
completely and focus on the lowest level of phonemes, respectively morphemes
(see Langer, Rypka, 2017). Due to the extremely long time needed for this seg-
mentation, the resulting insufficient amount of data and because of the fact that
the calculated values do not correspond to MAL, we decided to omit this analysis
here.

Level 2, Case 2

Since the table for the relationship between the lengths of clauses x (measured in
seconds), occurring with the frequency of z, and the average lengths of signs y
(measured in seconds) is rather huge (253 lines) and especially since the obtained
results are negative for all four models (see Tables 7.13 and 7.14 below), we de-
cided not to present the related data here.

0.9—

[Constituent|
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Figure 7.7: The graph illustrating the MAL curve calculated from the non-presented data
related to Level 2, Case 2



Results of analysis

131

Table 7.13: Statistical evaluation of the experiment at Level 2, Case 2; A, b, c are the param-
eters of MAL, (normalized) root mean square error, R? is the coefficient of determination,
homoscedasticity and normality

A b ¢ |RMSE |NRMSE | R? gfs‘t‘:gft?e Normality

Model 1 -0.1361 1.8974 | 0.9670 | 0.9183 | rejected | not rejected

Model 2 | 0.4825 | -0.0355 1.8926 | 0.9645 | 0.0072 | rejected | notrejected

Model 3 -0.1511 ] 0.0000 | 1.9429 | 0.9901 |0.9306 | rejected | notrejected

Model 4 | 0.2753 | -0.1207 | 0.0000 | 1.9627 | 1.0002 | 0.0149 | rejected | not rejected
15— *
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0.3—

Model 1
—— IModel2

Model 4
Model 3

IConstruct|

Figure 7.8 (weighted): The graph illustrating the MAL curve calculated from the non-
presented data related to Level 2, Case 2

Table 7.14: Statistical evaluation of the experiment at Level 2, Case 2 (weighted); A, b, ¢
are the parameters of MAL, (normalized) root mean square error, R? is the coefficient of
determination, homoscedasticity and normality

A b ¢ |RMSE |NRMSE | R? gl;s‘t‘:glst;e Normality
Model 1 -0.1361 1.8790 | 0.9576 |0.9184 | rejected | notrejected
Model 2 | 0.4797 | -0.0363 1.8905 | 0.9634 | 0.0075| rejected | notrejected
Model 3 -0.1511 | 0.0000 | 1.9433 | 0.9903 | 0.9308 | rejected | notrejected
Model 4 | 0.2728 | -0.1220 | 0.0000 | 1.9477 | 0.9926 | 0.0153 | rejected | not rejected
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Level 2, Case 3

Table 7.15: The relationship between the lengths of clauses x (measured in the number of
signs), occurring with the frequency of z, and the average lengths of signs y (measured in

seconds)
X y Z X y Z X y Z
1 56 | 0.7934 7 8 0.6026 13 1 0.7375
2 57 0.6506 8 4 0.5540 14 1 0.6314
3 48 0.6509 9 5 0.4655 15 1 0.5943
4 29 | 0.6157 10 | 2 0.5611 16 1 0.5831
5 23 0.5962 11 1 0.4301 18 1 0.5467
6 15 0.5781 12 | 4 0.6423
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Figure 7.9: The graph illustrating the MAL curve calculated from the input data presented
in Table 7.15

Table 7.16: Statistical evaluation of the experiment at Level 2, Case 3; A, b, c are the param-
eters of MAL, (normalized) root mean square error, R? is the coefficient of determination,
homoscedasticity and normality

A b ¢ |RMSE |NRMSE | R? fli;s‘ggft?e Normality
Model 1 0.1370 0.1310 | 0.2139 | 0.8312 | not rejected | not rejected
Model 2 | 0.7071 | 0.0865 0.1240 | 0.2026 | 0.2265 | not rejected | not rejected
Model 3 0.2641 | 0.0293 | 0.1128 | 0.1842 | 0.8748 | not rejected | not rejected
Model 4 | 0.7667 | 0.2594 | 0.0288 | 0.1128 | 0.1842 | 0.3606 | not rejected | not rejected
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Figure 7.10 (weighted): The graph illustrating the MAL curve calculated from the input

data presented in Table 7.15

Table 7.17: Statistical evaluation of the experiment at Level 2, Case 3 (weighted); A, b, ¢
are the parameters of MAL, (normalized) root mean square error, R? is the coefficient of
determination, homoscedasticity and normality

A b ¢ | RMSE NRMSE| R g;’s‘ggft;e Normality
Model 1 0.1740 0.2440 | 0.3985 |0.9226 | not rejected | not rejected
Model 2 | 0.7600 | 0.1458 0.2242 | 0.3662 | 0.7664 | not rejected | not rejected
Model 3 0.2582 1 0.0290 | 0.1901 | 0.3104 | 0.9530 | not rejected | not rejected
Model 4 | 0.7619 | 0.2406 | 0.0262 | 0.1880 | 0.3070 | 0.8358 | not rejected | not rejected

7.5 Discussion on experiments

Summing up the calculations presented in tables above, we could see that the

positive results (with positive values of a shape parameter b) were obtained in the

following cases:

e Level 1, Case 1 (see Table 7.4),

Level 1, Case 1 — weighted (see Table 7.5),

Level 1, Case 3 (see Table 7.8),

Level 1, Case 3 — weighted (see Table 7.11),

Level 2, Case 3 (see Table 7.16),

Level 2, Case 3 — weighted (see Table 7.17).

Otherwise, the obtained results were negative (see Tables 7.7, 7.8, 7.13 and

7.14). Let us note that, despite the positive values of b, calculated for models

1 and 3 at Level 1, Case 3 (see Tables 7.7 and 7.8), their statistical verification

failed. Moreover, the related graphs in Figures 7.1 and 7.4 were not convincing.
Unfortunately, we were only able to consider two sign language levels. The

detection of analogies of supra-sentence levels or lower levels like those of words
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vs syllables, indicated in Table 7.1, seems to be rather ineffective and cumber-
some. We tried to investigate for the needs of fractal analysis the third level of
signs vs “something” what can be characterized as the compositions of phonemes
(i.e. supra-phonemes), but so far with no success. Nevertheless, the sign language
fractals, defined for n = 2 levels in Section 7.3, jointly with the associated mea-
sure of semanticity

D— 2
by +by

can be collected in Table 7.18. Observe that D € [3.6304,5.4157] which is a bit
less, but not far from our experience with spoken language texts.

(see (7.5)),

Table 7.18: The measure of semanticity D of sign language fractals; the abbreviation w.
denotes “weighted”

Level 1, Case 1 | Level 1, Case 3 | Level 1, Case 1 w. | Level 1, Case 3 w.
Level 2, Case 3 | Level 2, Case 3 | Level 2, Case 3 w. | Level 2, Case 3 w.

Model 1 4.6404 4.8414 4.2836 4.3725
Model 2 5.0251 5.4157 4.5157 4.7360
Model 3 3.9471 3.7893 3.8124 3.6304
Model 4 3.8926 3.7425 4.2436 3.8380

After all, since our experiments were the first attempt in this research field,
the obtained results must be considered only in a preliminary way. Nevertheless,
these preliminary indicators signalize that because of closer analogies at higher
levels (described in Table 7.1), the verification of MAL could be expected just
there. On the other hand, perhaps mainly due to the multidimensional character
of signs (in contrast to a linearity of spoken languages), their one-dimensional
“projections” into the length, resp. time, dimensions might have been too restric-
tive. The comparative fractal analysis of spoken and sign languages texts on the
same topic will be treated by ourselves elsewhere.

7.6 Concluding remarks

In order to understand the fractal approach in a deeper way, let us recall the
Moran—Hutchinson formula, namely (see e.g. Barnsley, 2013)

1
= &n:’ (7.6)
log

for the calculation of the (self-similarity) fractal dimension of a given fractal struc-
ture, where m denotes the number of its parts on each scale (level) and r € (0,1)
is a related factor of contraction, provided the given structure is either totally dis-
connected or its parts are at most touching.
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Thus, there is an evident isomorphism between (7.6) and every logarithmic
form of MAL. For instance, for the truncated formula (7.2), this isomorphism
takes the form of correspondence (A > 0, b > 0)

M -b
DN— ~ ~ — (= .
meXx, r A( x7)

The first correspondence D ~ 1/b is evidently a special case of (7.5) for b =
by =---=b,.

Let us finally note that formally the same formula as (7.2) and (7.6) occurs also
in the recent papers of Joshua, Borneman, Malaia, Wilbur (2018) and Malaia,
Borneman, Wilbur (2016, 2018). More precisely, their formula takes the form

M(f)=af P

where M is a magnitude of optical flow, f stands for the frequency, « is a fitting

parameter for the spectral density amplitude and f3 is a fitting parameter for the

“fractal complexity”. The above correspondences can therefore be extended as

follows:

1 1

DNENB7 meNf, rw%(

One can readily check that the “fractal complexity”, expressed in terms of

a (self-similarity) fractal dimension, is then rather curiously a reciprocal value
of D. On this basis, we get (for § > 0) immediately that

I logf

B logg

It would be certainly interesting to compare the calculated values of D, obtained
via our approach by means of MAL, and the one by means of (7.7) (i.e. D ~ 1/),
in order to detect a possible mutual relationship.

M -
S =

= _xib) ~

(1.7)
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8 EXPERIMENT 2: APPLICATION OF
THE HURST FORMULA

8.1 Formulation of problem

The main theoretical aim of the present chapter is to use in a “block-like” way an
isomorphism between the well known Moran—Hutchinson formula for the dimen-
sion of self-similar fractals (see Chapter 4) and the Hurst formula for a measure of
a long-term memory of time series (see Hurst, 1951; Hurst, Black, Simaika, 1965;
Mandelbrot, Wallis, 1968; Mosteller, Wallace, 1964), in order to analyse quanti-
tatively sign language structures. By a “block-like” way, we again mean that the
self-similarity is not necessarily assumed on each scale but, more naturally, for
the whole blocks of several (in our experiment, three) sign language levels.

As already pointed out, a quantitative approach to sign languages is, unlike
to spoken languages, still rather rare (see e.g. Andres, Benesov4, Langer, 2019;
Joshua et al., 2018; Malaia, Borneman, Wilbur, 2018, and the references therein),
because it requires delicate techniques.

This chapter is organized as follows. At first, we recall Hutchinson’s idea (see
e.g. Barnsley, 2013; Hutchinson, 1981) to construct fractals as attractors of the
iterated function systems (IFS), the Moran—Hutchinson formula for dimension of
self-similar fractals (see e.g. Hutchinson, 1981; Moran, 1946), and their mod-
ification for cyclically (block-like) self-similar fractals (see e.g. Andres, 2014;
Andres, Rypka, 2012). Then the relationship between the Hurst formula (see
e.g. Hurst, 1951; Hurst, Black, Simaika, 1965; Mosteller, Wallace, 1964) and the
Moran—Hutchinson formula is examined for a cyclically repeated family of time
series. According to the resulting main theorem, the respective Hausdorff di-
mension equals approximately the reciprocal value of an arithmetic mean of the
numerically calculated and statistically verified Hurst exponents on scaling levels.
Before applying this theorem (as an illustrative example) to a given sign language
text, we emphasize some specifica of the related sign language aspects of quanti-
tative linguistics. The obtained results are interpreted and discussed just in these
terms.

137
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8.2 Dimension of cyclically (block-like) self-similar
fractals

The following seminal idea to construct fractals as attractors of the iterated func-
tion systems (IFS) was originated by Hutchinson (1981) and popularized by Barns-
ley (2013).

Let (X,d) be a complete metric space and fj: X — X, i=1,...,n, be the con-
tractions with factors r; € [0,1),i=1,...,n, i.e.

d(fi(x),fi(y)) <rd(x,y), forallx,ye X andi=1,...,n

The collection {(X,d), fi: X — X,i=1,...,n} is then called an iterated func-
tion system (IFS).

Let (K(X),dy) be a class of all compact subsets of X endowed with the Haus-
dorff metric dy, i.e.

dp(A,B) := max {supd(a,B)7 supd(b,A)}
acA beB

= max {sup (mfd(a b)) ,sup (infd(a,b)) }7
acA \b beB \4€A

where A, B € K(X), which is called the hyperspace associated with (X,d).

It is well known (see e.g. Barnsley, 2013, Hutchinson, 1981) that this hyper-
space (K(X),dp) is also complete and the induced hypermaps f;: K(X) — K(X),
where

A) =] filx), AcK(X),i=1,....n,

x€A

are also contractions with factors r; € [0,1),i=1,...,n, i.e.
du (7 (A), f7(B)) <ridu(A,B), forall A,B€ K(X)andi=1,...,n.

Moreover, the Hutchinson—Barnsley operator % : K(X) — K(X), where
n
=Us @), aekX), @.1)

is a contraction with the factor r = max;—y _,r;, i.e.
dy(F(A),.7(B)) <rd(A,B), forallA,BeK(X). (8.2)

Hence, applying the well known Banach contraction principle, there exists
a unique fixed point A* € K(X) such that A* = .% (A*) and

lim dy (A*,y" (Ao)) —0, forevery Ay € K(X), (8.3)
—yo0

where ZK(Ag) = .F o ZK-1(Ag), FO(Ag) = Ay, jointly with

k
dy (A*,ﬂk(Ao)) < 1r—dH(3Z(A0),AO), k=12, (8.4)



Dimension of cyclically (block-like) self-similar fractals 139

The fixed point A* € K(X) of .7, i.e. A* = .7 (A*), which is in view of (8.3) an
attractor of the given IFS, we call a fractal.

Its similarity dimension dimA* can be estimated from above by means of the
Moran—Hutchinson formula (see Chapter 4):

Y=t (8.5)
i=1

i.e. dimA* < D, provided the open set condition is satisfied, namely that there
exists an open set V C X such that .7 (V) =V and

fVINfi(V)=0, i#jiij=1,..n

Observe that for r = r; = --- = r,,, formula (8.5) takes the particular form
1
p=280 (8.6)
log &

In case of IFS consisting of similitudes, the equality D = dimA* holds. In Eu-
clidean spaces X = R, the similarity dimension equals the Hausdor{f dimension
which will be convenient for our application.

Summing up, we can formulate the Hutchinson theorem in the form of the
following proposition.

Proposition 8.1 (cf. Barnsley, 2013; Hutchinson, 1981). For every IFS {(X,d),
fi: X = X,i=1,...,n} consisting of similitudes, there exists a unique compact
invariant set A* C X of the (multivalued) operator \Ji—, fi: X — K(X), i.e.

A= U £,
i=1x€A*

which satisfies relations (8.3), (8.4). Its fractal (similarity) dimension D = dimA*
can be calculated by means of formula (8.5), provided the open set condition is
satisfied.

Now, consider the IFS associated with the composition
Fmo-0F: KX)—K(X)

of m Hutchinson-Barnsley operators .%;: K(X) — K(X), j=1,...,m, where (cf.
(8.1), (8.2))

Fi(A)=JfA), AcK(X), (8.7)
i=1
dy (y/(A),j/(B)) SdeH(A,B), fOI'allA,BGI((X)7 (8.8)

s;€f0,1),j=1,...,m.
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It can be easily checked that such an IFS consists of n””* contractions with factors
at most s = H;-"Zl sj. By the same arguments as above, there exists a unique fixed
point B* € K(X) of the composition %, 0---0 %, i.e. B* = %, 0---0 % (B*),
such that

klim dy (B*,(ﬁmo---ofl)k(Bo)) =0, foreveryBy€ K(X), (8.9)
—3yo0
and
* (g z\k st 7 7, \k
i (B, (Fno-+-0 F1)(Bo)) < 1_sdH((Jmo---oJ1) (Bo).Bo), (8.10)

fork=1,2,...
Moreover, its similarity dimension dim B* can be estimated from above (in the
particular cases even calculated) by means of the formula (cf. (8.6))

mlogn a
D= , o s=11s;, 8.11
et o<1 (8.11)

s
provided the appropriate open set condition is satisfied.

Corollary 8.1. For the IFS, associated with the composition
Fmo-0F: KX)— K(X),

where the Hutchinson—Barnsley operators %, j =1,...,m, are defined in (8.7)
and satisfy (8.8), there exists a unique compact invariant set B* C X, i.e. B* =
Fmo- -0 F|(B*), which satisfies the relations (8.9), (8.10). Its fractal (similarity)
dimension D = dimB* can be calculated by means of formula (8.11), provided (cf.
(8.7), (8.8))

d(fi,j(x), fij(y)) = sjd(x,y), forallx,y € X, (8.12)

wheresj € [0,1),i=1,...,n, j=1,...,m, and the appropriate open set condition
is satisfied.

8.3 Hurst exponent vs. fractal dimension

As indicated in Chapter 4 (cf. also Chapter 2), the Moran—Hutchinson formula
(8.5), resp. its particular form (8.6), can be interpreted in terms of the Zipf~
Mandelbrot law and the Pareto law in economics, and in terms of the Menzerath—
Altmann law in quantitative linguistics. On the other hand, the authors usually
assume strictly self-similar structures in their studies, which is neither natural nor
suitable for practical applications. In order to avoid this handicap, we require that
the structures are self-similar “only” cyclically (in blocks) like in Corollary 8.1.
As we will show, we can also use an isomorphism between the block-like ver-
sion (8.11) of the Moran—Hutchinson formula (8.6) and the Hurst formula, orig-
inally derived in hydrology (cf. Hurst, 1951; Mosteller, Wallace, 1964), and suc-
cessfully applied in stock markets (see e.g. Bianchi, Pianese, 2018; Mandelbrot,
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2007) or in quantitative linguistics (see e.g. Ausloos, 2012a, 2012b; Hiebicek,
1998a, 2000).
The (asymptotic) Hurst formula takes the form (see e.g. Feder, 1988; Hurst,
1951; Hurst, Black, Simaika, 1965; Mosteller, Wallace, 1964)
R

—— 1 =Ct", asT— oo, (C>0isaconstant), 8.13
S(7) } (C=0i ) (8.13)
where the constant H > 0 is called the Hurst (sometimes also Hurst—Hdlder)
exponent, which is usually referred as the “index of dependence” or (because of
an asymptotic character of (8.13)) as the “index of long-range dependence” of the
expected value E [%} of % on the increasing number 7 of data points in a time

series. For a partial time series of length 7, namely x;,x2,...,xz, R(T) denotes the
range of the first T cumulative deviations from the mean

1 T
X(T) = — in,
T3

ie.
R(7):= 1nﬁltagxfx(t, T)— llgtlgrx(t, 7),

where
t

x(1,7): =) (x—%(7), t=1.2,..,1,

i=1

and S(7) denotes their standard deviation, i.e.

S(1) = (x; — %(1))2.

1
Tz
The expression R(7)/S(7) so denotes the rescaled range depending on the time
span.

For a “finite time” Hurst formula

R
% =C.1*,  where S(1) > 0, (8.14)
the related Hurst exponent H; = H(7) can be easily calculated as follows (7 > 1):
log L R(©)
Hy = — 50 (8.15)
logt

If for a sufficiently large values of 7 (if they exist) the values H; and C;, do
not change much (i.e. if they do not differ much each from other), then they can
be regarded as a suitable approximation of the Hurst exponent H and constant C.
Cir %) as a function of log 7, its graph

should fit well a straight line whose slope approximates H.

Geometrically, it means that plotting log (
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If the values H; in (8.15) obtained in this way belong for large 7 to the in-
terval (0.5,1], then a time series exhibits a long-term positive autocorrelation.
Otherwise, for H; € [0,0.5), they exhibit a negative autocorrelation (erratical os-
cillation). For H; = 0.5, there is no correlation in a time series, and the related
increments x;, —x;, and x;; — x;, are independent in the sense of probability theory.

Itis also well known (see e.g. Mandelbrot, 1985; Peitgen, Jiirgens, Saupe, 2004,
Chapter 9.5) that for self-similar time series, describing a “one-dimensional” ran-
dom process, the fractal (box-counting) dimension D of their graphs satisfies the
equality

D=2—-H, whereD € [l,2]. (8.16)

Nevertheless, as pointed out in Peitgen, Jiirgens, Saupe (2004), Chapter 9.5, the
box-counting dimension D in (8.16) may depend on the choice of scales. More-
over, for more general (e.g. a self-affine time series or a multidimensional pro-
cess), the Hurst exponent H and the fractal dimension D can be chosen rather
independently.

The Hurst exponent H represents structures over asymptotically longer periods
(requiring in Mandelbrot’s terms (cf. Mandelbrot, 1985), the global extrapolative
procedures), while fractal dimension D represents structures over asymptotically
shorter periods (requiring in Mandelbrot’s terms (cf. Mandelbrot, 1985), the local
interpolative procedures). Despite it, Mandelbrot was able to show even for more
general self-affine structures that the local value of so called “divider” dimen-

sion D satisfies the equality
1
D=—. 8.17
I (8.17)
This equality stimulated us to use an isomorphism between (8.6) and (8.15),

resp. its reciprocal form
1 logt

— = (8.18)
L R’
B log(z-5)
ie. | S
D ~ ﬁ, nn~ T, r~ CE
More generally, for a cyclically repeated block of time series, characterized by
the following Hurst formulas on m scaling levels

R; H
S—jzcjrjf, j=1,....m, (8.19)

resp.
1 R LA
_toed- 5 toe(4-3)

7T Tlogty log™t

keN, j=1,....m, (8.20)
we can use the correspondence (cf. formulas (8.11), (8.17) and (8.20)):

1 si\*
D~—, n~thi=di=... =1, S]'N<C/'R_]> e0,1), j=1,....,m,
J
(8.21)
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where k is a sufficiently big positive integer, in order to formulate an analogy of
Corollary 8.1 in terms of the Hurst exponents.
By the cyclicity hypothesis we understand that

& _ Ri+m
Si Sitm

Ti = Titm, ) Ci = CH-WH Hi = Hi+m7 i= 17 ce (822)

Proposition 8.2. (cf. Andres, Langer, Matlach, 2020). For any cyclically re-
peated family of time series, satisfying formulas (8.19), (8.20) and (8.22), we can

associate, via the correspondence (8.21), an iterated function system consisting
of T contractions, which are the m-tupled compositions of functions

fii RESRE =1, 7% j=1,...m

If these functions satisfy the similarity condition (cf. (8.12))

S:\*
|ﬁ,j(x)—ﬁ,j(y)\:<CjR—’j> x—y|, forallx,yeRE (8.23)

where
S.
C,»R—’ el0,1), i=1,....7 j=1,...,m,

J

then there exists a unique compact invariant set B* C R* of the composition
Fmo -0 F of m Hutchinson—Barnsley operators F;: K(R*) — K(R¥), where

’L'k
Fi(A) = f;(A), AcK®Y), j=1,...,m,
i=1

i.e. B* = F,0---0.F(B) which satisfies for X = RF and
m S k
= Cc.=L
~1(ex)

the relations (8.9), (8.10).
Moreover, its Hausdorff dimension D = dimB* can be calculated by means of

the formula
m

D=——- (8.24)
;'":1 H;
where Hj, j = 1,...,m, are defined in (8.20), provided k is a sufficiently big posi-
tive integer.

Remark 8.3. If, for instance, B* C R is a Cartesian product of Cantor sets, then
k can be taken as k > max;—y Hij, in order the appropriate open set condition

to be satisfied (see Andres, Rypka, 2012).
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Remark 8.4. Observe that, unlike the box-counting dimension D € [1,2], where
H €0, 1] was defined in (8.14), resp. (8.18), the Hausdorff dimension D in (8.24)
can theoretivally exceed higher values than 2, e.g. D > k — 1, which is certainly
due to an open set condition. For a von Koch-like curve of dimension D = 1.95
and its open set condition, see Figures 8.1 and 8.2.
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Figure 8.1: von Koch-like curve of dimension 1.95
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Figure 8.2: Open set for the von Koch-like curve from Fig. 8.1 and its images
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8.4 Calculation of the Hurst exponent

In order to calculate the Hurst exponent H for the given sequence xi, x2, ..., Xr,
..., XN, Where x1 # xp, we can use another isomorphism between (cf. (8.14))

R(7)

——ct", 1=2,...,N, (8.25)
()

and the (truncated) formula for the Menzerath—Altmann law
y(x) =Ax?, x=1,...,N, (8.26)

where x € N is the length of a construct, y € R is the length of a constituent,
A > 0, b are real constants. For the definition of these notions and more details,
see Chapter 3.

The constants C, H in (8.25) can be calculated in a standard way by the or-
dinary least square regression, including the statistical evaluation, for calculating
the constants A, b in (8.26). On this basis, we can use the correspondence between
(8.25) and (8.26), i.e.

R
Tox g~y C~AL Heob, (8.27)

when taking R(1)/S(1) := 1.
Thus, we obtain the approximative formulas (cf. Chapter 3):

R R
Yo(nt) (n§8) — 2N, ey, 59

H~ - . (828)
Yio(int)? — 5 (X, In7)
A 1Y% R(t) ALY

The application of these approximative formulas should be evaluated statisti-
cally by means of the following standard criteria (see Chapter 6):

e The root mean square error (RMSE).
e The coefficient of determination R* € [0,1].
e Homoscedasticity.
e Normality.

If we are able to detect m scaling levels, then the constants N, C, C,H,Hin
(8.28), (8.29) can be appropriately indexed as Ny, ...,Ny:; C1,...,Cpn: C1,...,Co:
Hl,...,Hm;I:Il,...,[:Im.

Thus,

A
—
Q
~
v

~1 i e(0,1), (8.30)

)
'R)(7)

fort=2,...,N;,j=1,...,m,whenH; >0, j=1,...,m.
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We are ready to formulate the main theorem.

Theorem 8.1. (cf. Andres, Langer, Matlach, 2020). Consider the family of m se-
quences of the form

() () () ()

XXy X Xy, j=1,00,m,
and suppose that (cyclicity hypothesis)

x(rj) :x(THm), forallt=1,....N;, j=1,...,m.

Assume, furthermore, that the related calculations of constants C;, H;, j=1,...,m,
by means of approximative formulas (8.28), (8.29) can be evaluated statistically

in a positive way (the standard criteria are: RMSE, NRMSE, R?, homoscedeast-

icity, normality). Then the Hausdorff dimension D = dim B* of the associated, via

(8.21), (8.22) (by the procedure described in Proposition 8.2), fractal B* C R,

where k is a sufficiently big positive integer, equals approximately the value (cf.

824)m /Y7 Hj, ie.

providedI:Ij >0,j=1,...,m
For the sake of brevity, let us introduce the following definition.

Definition 8.1. The fractal B C R* in Theorem 8.1 and Proposition 8.2 will be
called a fractal model of the given family of m sequences, satisfying the cyclicity
hypothesis. The arithmetic mean of the partial Hurst exponents H;, j = 1,...,m,
will be denoted again as H, i.e.

1 m
m L

H =

and called the Hurst exponent of the given family of sequences. Its approximation

3

I A
H:=—) Hj
mjl

(see (8.28)) will be called the approximative Hurst exponent.

In view of Definition 8.1, we can immediately reformulate Theorem 8.1 as
follows.

Theorem 8.2. Under the assumptions of Theorem 8.1, the Hausdorff dimension
D of the fractal model of the given family of m sequences, satisfying the cyclicity
hypothesis, equals approximately the reciprocal value of its approximative Hurst
exponent H, ie.

1 1

- 1 .
D:ﬁzT, where H:%j:z"lHj (see (8.28)),

providedI:Ij>0, j=1,....m
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Remark 8.5. Although the statistical verification of the calculating procedures in
Theorems 8.1, 8.2 are only required for the partial approximative Hurst exponents

H;, j=1,...,m, afinite additive (resp. arithmetic averaging) character of

3

- 1 -
A=—Y A
m: ’
j=1

allows us to accept its statistical verification, too. Nevertheless, to be precise, one
should use the correcting algorithms here.

Remark 8.6. The results obtained by means of Theorems 8.1, 8.2 must be, under
the cyclicity hypothesis, interpreted in an exclusively restrictive way up to the
given m scaling levels. Despite this restriction, such a situation is much more
natural than the strict self-similarity on each scaling level. In the nature, it reminds
a finite multiple branching of trees.

8.5 Specifica of quantitative linguistics for sign language

In view of the results like those in Ausloos (2012a, 2012b), Hiebicek (1998a,
2000), the Hurst formula (see Hurst, 1951; Hurst, Black, Simaika, 1965; Mostel-
ler, Wallace, 1964) can aspirate to become a linguistic law, too. We would like to
demonstrate here that the same is true for a sign language.

Thus, we can again detect at least four sign language units, namely sentences,
clauses, signs and morphemes, on the appropriate sign language (scaling) levels.
Their lengths can be measured as follows:

—in the number of clauses for sentences,

— in the number of signs for clauses,

—in seconds for signs.

Alternatively, they can be measured either all, or some further, in seconds.

In the previous Chapter 7, we were able to detect in this way, by means of
the Menzerath—Altmann law, a “sign language fractal of the second order” and
to measure its degree of semanticity. The notion of “second order” refers to just
two respected sign language levels (sentences and clauses). On the lower level of
signs, the Menzerath—Altmann law has not been satisfied. Because of the simul-
taneity of signs, it was complicated and ineffective to measure appropriately their
length in the number of morphemes (gestures).

In our experiment, the research data of the Czech sign language are the same
as in Chapter 7.

The detection of morphemes (gestures), as the simultaneous constituents of
signs, and the measurement of the length of signs in the somehow suitably “elab-
orated” number of morphemes would be certainly interesting, but because of our
negative experience in Chapter 7, we decided to omit it here. For the sake of sim-
plicity, we also avoided to involve into our research all the mimics and non-natural
factors.

Our experience in earlier experiments with natural languages texts, investigated
by virtue of the Menzerath—Altmann law, indicates that the fractal dimension



148 Experiment 2: Application of the Hurst formula

of the respective models (we call them language fractals) can be interpreted as
a measure of semanticity of the given text (see Chapter 4). The same might be
true for a sign language.

Because of a hydrological analogy (cf. Hurst, 1951; Mosteller, Wallace, 1964),
the Hurst exponents might determine the dynamics of “semantic lakes” in our
minds.

8.6 Application to sign language texts

Example 8.1. Our experiment concerns again the fractal analysis of a concrete
sign language text, considered on three scaling levels:
1) level of sentences,
1) level of clauses,
III) level of signs.
In other words, we will apply Theorems 8.1, 8.2 to the following family of three
sequences of sentence, clause and sign lengths:

x{zl x§:2 x§:2,...,x17,...,x§2:2 x§3:4,x§4:2
x1—5 x” —4,...,x171,.. x§145—2 )6246—1)6247 1,
Kl =1.278, x’” =0.948, X' =1.380, ..., x, ... ¥l =1.070,

xbi, = 0.434, xl, = 0.223,
whose respective numbers of terms are Ny = 74, Ni = 247, Ny = 893.

The length of a sentence is measured in the number of clauses, the length of
a clause is measured in the number of signs and the length of a sign is measured
in seconds.

Calculating, by means of the formulas in Section 8.3, the values of the rescaled
ranges

R[(T)
L T=2,....74, 8.31
5/ (7) (8.31)
R][(T)
=247, 8.32
Ry (7)
=2, 893, 8.33
S (7) (8.33)

and applying appropriately the formulas (8.28), (8.29), we obtained in Tables 8.1-
8.3, the results for the constants C;, Hy, Cy7, Hyr, Crir, Hyr, including their statisti-
cal evaluation.

Table 8.1: Experimental results on the level of sentences

G ci, H; |RMSE | NRMSE | R?> | Homosc. | Normality

0.683 | 1.464 | 0.665 | 0.152 0.057 | 0.940 | not reject. | not reject.
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Table 8.2: Experimental results on the level of clauses

G é H; | RMSE | NRMSE | R?> | Homosc. | Normality

0.642 | 1.557 | 0.711 | 0.102 0.029 | 0.978 | rejected | rejected

Table 8.3: Experimental results on the level of signs

G é H; | RMSE | NRMSE | R?> | Homosc. | Normality

1.633 | 0.612 | 0.435 | 0.188 0.050 | 0.838 | rejected | rejected

The graphs illustrating the dependence of the functions (cf. (8.25))
Gt Gyl Cpyrtlm

on 7, calculated from the input data in Tables 8.1-8.3, are plotted (jointly with the
values of rescaled ranges) in Figures 8.3-8.5. It will be also convenient to present
the graphs illustrating the dependence of the reciprocal functions

1 T H L 7—1:111

I _1:1111
-4 9
G

~ P} —~ T
Ci Cir

on 7 (jointly with the reciprocal values of rescaled ranges) in Figures 8.6-8.8.

0 20 40 60
T

Figure 8.3: The graph of C; tH1 vs. 1 calculated from the input data in Table 8.1.

The dots indicate the values of the rescaled ranges 1;1’ ((g .
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30-

CII oHi

20

T

Figure 8.4: The graph of Cp; it ys. 1 calculated from the input data in Table 8.2.

The dots indicate the values of the rescaled ranges 1;1111 ((;)) .

40+

Cur Hir

204

0 250 500 750
T

Figure 8.5: The graph of Cyy; i ys. ¢ calculated from the input data in Table 8.3.

The dots indicate the values of the rescaled ranges %.
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1

= 1_1'71

0.5-

003 20 40 60
T

Figure 8.6: The graph of C%’c‘ﬁl vs. T calculated from the input data in Table 8.1.

Si(7)
Ri(7)"

The dots indicate the values of

1.51
"
L r—Hu
Crr
1.0
0.51
0.0+
0 50 100 150 200 250
T

Figure 8.7: The graph of CL,, t~Hil ys. 1 calculated from the input data in Table 8.2.

Su(r)

The dots indicate the values of .
Ryi(7)
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L —Hm

C
m 0.75-
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0.25-

0.00-
0 250 500 750
T

Figure 8.8: The graph of iT‘H’” vs. T calculated from the input data in

Table 8.3. The dots indicate the values of M.
Ri(7)

Since the calculated values of Hurst exponents Hy, Hy, Hyyp are obviously pos-
itive and the calculations were statistically evaluated in a positive way, we can
apply Theorem 8.2 for the following conclusion.

Conclusion 8.3. The Hausdor(f dimension D of the fractal model of the family of
three sequences, associated with a given sign language text (speech), satisfies un-
der the cyclicity hypothesis D = 1.656 668. For the approximative Hurst exponent
H, we obtained that

- 1, - - .
H= 3 (H[ + Hjy +H111) =0.603621,
which is not far from the values around 0.73, usually observed in natural pro-
cesses (see e.g. Hrebicek, 2000; Hurst, Black, Simaika, 1965).
According to Theorem 8.2, we have namely that

1 1 3
H H Hi+Hy+Hu

8.7 Concluding discussion

Observe that the numerical calculations in Example 8.1 have been statistically
justified, especially because of sufficiently law values of the normalized root mean
square errors (NRMSE) and high values of the coefficient of determination R* in
Tables 8.1-8.3.
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On the other hand, since the normality of given data sets was, except sentences,
rejected, on two sign language (scaling) levels under our consideration, i.e. that
their distribution was not there Gaussian, the respective confidence intervals for
the calculated values of constants C;, Cyy, Cpyy and Hy, Hyy, Hyy could not be deter-
mined in a standard way by the Wald statistics. The preferable appropriate way of
their determination would be by bootstrapping (see e.g. Efron, Tibshirani, 1993,
Weron, 2002), but to avoid the technicalities, we decided to omit it here.

The dispersion of random errors, related to a process of approximation, occured
to be constant (i.e. homoscedasticity) again only on the level of sentences.

By the same reasons, we decided to omit the negligible corrections here, too.

Since

S](T) . S[(T)
Ri(T) 0.682849R1(T)

ol < oA — 90665168 _ ) 630615

G < 0.682849,
hold for all T =2,...,74, and

.S
o 11(7)

— 0.6424245%)

<0.642424,
R[](T) R][(T) -

i < p—Hir — 9=0.710961 _ () 610913

hold for all T=2,...,247, conditions (8.30) (cf. (8.23)) is satisfied on the scaling
levels of sentences and clauses.
On the other hand, although

ol < oM — 9=0434735 _ () 739830
holds for all T =2,...,893, the relations

S 633 110517)
Ry (7) Ry (7)

hold only for 7 =35, ...,893. For T =2,3,4, we have

<0.736137

S (7)
Ry (7)

Condition (8.30) (cf. (8.23)) is therefore satisfied, on the scaling level of signs,
only for t=35,...,893.
Fortunately,

1.633110 > 1.

~ Si(7) & Su(7) ¢ S (7)

G : < C;CyCrr =0.716410
IR](T) HR[](T) HIR[][(T) A AT

holds for all T = 2,3, 4, which is sufficient for satisfying the contraction condition
in the proof of Proposition 8.2, and subsequently of Theorems 8.1, 8.2.
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In view of this slight modification, it allows us to write that, under the cyclicity

hypothesis,
1 3

= 1.656668

H ™ H  H+Hg+Hn
holds for the Hausdorff dimension D of the fractal model of the family of three
sequences, associated with a given sigh language text (speech), as claimed. Its
box-counting dimension satisfies approximately

- 1, . - -
2-H=2-3 (Hy+ Hy + Hyr) =2 —0.603621 = 1.396379,

jointly with

2—H;=2-0.665168 = 1.334832,
2—H;=2-0.710961 = 1.289039,
2 —Hy =2-0.434735=1.565265.

In both cases, the values indicate some volatility, roughness and a not com-
pletely smooth trend. The appropriate fractal model can be constructed in a von
Koch-like way (see Andres, Rypka, 2012, Theorem 2).

Since the value of the approximative Hurst exponent H is higher than 0.5,

namely

- 1, . .
H= g (H1+H11+H111) =0.603621,

where H; = 0.665168, Hy; = 0.710961, Hy;; = 0.434735, the process as a whole
is persistent (non-Markovian) with some positive memory. On the other hand, it
is persistent on the levels of sentences and clauses, but not on the lowest level of
signs, where Hj;p =0.434735 and I/I:Im =2.300252 (see Remark 8.4).
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9 SOME FURTHER POSSIBILITIES

This book is rather a collection of interdisciplinary ingredients than a systemati-
cally written monograph. On the other hand, as far as we know, it is the first
attempt in the field of a quantitative linguistic approach to a sign language. As
every pioneering work, it suffers from many deficiencies.

The signs of the deaf can be regarded as analogies to words. On the other hand,
the relationship between the respective morphemes seems to be, in view of their
simultaneous (multidimensional) character, quite sophisticated and unclear. One
must therefore especially overcome the difficulties related to a simultaneous ac-
tion of morphemes, as the constituents of signs. It is a question whether or not
some “linearization” or “averaging” technique can help us to measure appropri-
ately the lengths of signs in “suitable quantities” of morphemes, or so. For more
details about a simultaneous (nonlinear) character of sign languages, see e.g. Bel-
lugi, Fischer (1972), Biberauer, Roberts (2013), Hadler, Irrgang (2014), Jammer
(2006), Klima, Bellugi (1979), Kremers (2009, 2012), Lillo-Martin, Gajewski
(2014), Natsopoulos, Abadzi (1986), Vermeerbergen, Leeson, Crasborn (2007).

It has certainly a meaning to investigate still supra-sentence units of a sign
language, analogously to spoken languages, in order the sentences to be their
constituents. For spoken languages, such units were discovered by Hrebicek, and
named semantic constructs (see Hiebicek, 1992, 1995).

In our future research, we would also like to prepare and carry out further
experiments about the (fractal-based) frequency analysis of sign language texts
(speeches), by means of the Hurst formula and via the Zipf—-Mandelbrot law. The
dynamic aspects of sign languages, like (in) stability, predictability and determin-
istic chaos, can be explored by virtue of Lyapunov exponents, etc.

Despite the mentioned handicaps, we hope that our book can serve at least as
an introduction for further steps to this meritorious interdisciplinary area.

157



Peter Angermann, A. 1. (Nohandsfractal), 2016, silkscreen



10 CONCLUSION

The goal of this book was to enrich the theoretical knowledge about Czech sign
language by means of quantitative linguistic analyses and procedures. It was
a great challenge, because there has not been any comparative study from such
a perspective to our disposal. One of the partial purposes was, besides other
things, to draw conclusions usable to the didactics of teaching the Czech sign
language.

The key experiment performed to enrich the knowledge of didactics of sign lan-
guage teaching is a study focused on the subjective perception of the complexity
of signs. The partial goal of this study was to verify the proposed method of iden-
tifying constituents of signs, which we indicated partly in Chapter 5. A detailed
description of the study, including complete results and analyses, is given in the
paper Langer, Rypka (2017)

In the professional literature, the signs of sign languages are grouped in several
classes according to so-called motion matrices. According to Battison (1978), the
following classes are the most common:

e Signs that may be articulated by one hand:

o signs with zero contacts (e.g. STUDY, DAY, SUN),

o signs with a contact with the body, however, not with the other hand (e.g.
DEAF, FRIEND, OLD).

e Signs articulated by both hands:

o signs in which both hands are active and both of them are in the same shape
(e.g. WEATHER, IMPORTANT, SLOVAKIA);

o symmetric signs in which one hand is active (the dominant hand—i.e. the
right hand among the right-handed people) which articulates above (under,
behind, in front of, etc.) the passive hand; both hands are in the same shape
(e.g. SOCK, OCTOBER, DANGER); o asymmetric signs in which only one
hand is active (the dominant hand) which articulates above (under, behind,
in front of, etc.) the passive hand; both hands are in a different shape (e.g.
GIFT, TECHNOLOGY, TACK).

e Composed signs which include combinations of signs of types mentioned above

(e.g. MAY, LIBRARY, DO NOT KNOW).

For the needs of our research and for exploration of the subjective perception
of complexity of signs to be learnt, it was necessary to create a classification of
motion matrices, which respects also the didactic difficulty of individual signs:
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e Signs articulated by one hand:
o signs with zero contacts (= 1H without contact),
o signs with a contact with the body, however, not with the other hand (= 1H
with contact).
e Signs articulated by both hands:

o symmetric signs in which both hands are active and both of them are in the

same shape and perform the same (mirror) motion (= 2H symmetric);

o semi-symmetric in which the hands are in the same shape and they perform

similar or phase-shifted motion (= 2H semisymmetric);

o non-symmetric signs in which the hands are in the same shape, however,

only one hand is active (= 2H non-symmetric);

o asymmetric signs in which the hands are in different shapes and only one

hand is active (= 2H asymmetric).
e Composed signs which include combinations of all above mentioned types of
signs (= composed).
All seven motion matrices were accompanied by four corresponding signs of
Czech sign language among which the sum of morphemes was analysed. After
that, they were anonymized and they were subjected to assessment of respondents
of the research in random order. Four signs of each motion matrix seemed optimal
number with a regard to the variability of summarized number of morphemes,
in order to provide a sufficient number of research data and also with regard to
adequate time demands for respondents who had to assess 28 signs in total.
The tested signs may be watched (in a form of video recording) at links below:
e 1H without contact—YES (S02), 100 (S05), SUN (S10), WOLF (S18):
https://youtu.be/VY¥zg_bgutxA
e 1H with contact—SPAIN (S11), OLD (S12), ART (S14), GREEN (S27):
https://youtu.be/HUdvv7orIHs

e 2H symmetric—WEATHER (S08), HELP (S22), FAMILY (S24), EGG (S26):
https://youtu.be/kn5Fc8Lblik

e 2H semisymmetric—DUCK (S04), HIGHWAY (S09), SHOP (S21), CABBAGE

(S28): https://youtu.be/7QLuwpoizkE
e 2H non-symmetric—BANANA (S01), FAT (S13), FAITHFUL (S17), DAN-

GER (S20): https://youtu.be/F7Puma2tJVU
e 2H asymmetric—TACK (S03), TRUST (S16), BRIGHT (S19), YEAR (S25):

https://youtu.be/5Ec0INzhYoc
e Composed—LIBRARY (S06), MAY (S07), FEBRUARY (S15), DON’T KNOW

(S23): https://youtu.be/Znfe8Ikk770

In order to discover the subjective perception of signs’ complexity, an online
questionnaire was applied (via GoogleDocs) while it employed five-degree Lik-
ert’s scale to mark the complexity of all 28 signs. Individual signs were introduced
to the respondents in anonymized form of isolated video recordings at which
a deaf signer interprets the sign. All video recordings of signs were presented in
the same light and color conditions and in the same (standard) speed. The respon-
dents might (according to the introductory instruction) play the video recording
of each sign any time they wanted and they were asked to mark their subjective
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perception of each sign on the scale of 1 (very simple) — 5 (very complicated) (see
Figure 10.1). It was recommended to watch all the signs at the beginning and to
use the whole scale 1-5.

Sign 01

SIGNO1

Evaluation of sign 01
1 2 3 4 5

veysme O O O O O very complicated

Figure 10.1: On-line form for the scale-based assessment of signs’ complexity

Due to a fact that a vast part of Czech sign language is visually motivated, has
an iconic nature and, therefore, the visual course of a sign reminds a typical at-
tribute of an item or a phenomenon which they represent (cf. Langer, 2013), it
is possible to think that the knowledge of semantic meaning of these signs may
influence the respondent in their subjective perception of sign’s complexity. Since
the aim of the realized research was to discover the perception of signs’ complex-
ity of respondents who were not aware if their meaning, a question to discover
respondent’s practical experience with Czech sign language (or for how long do
they study Czech sign language) was included in the questionnaire as well. At
the end of the questionnaire, several additional questions of demographic nature
were included to discover the sex, age and economic status (high school student,
university student, other respondents) of respondents. The respondents might also
add any comments to the researched problematics and the online questionnaire it-
self. In total, 236 unique respondents were joined the research while 1 respondent
have not managed to fill in the whole online questionnaire correctly. Therefore,
this respondent’s answers were not included in the further process. Therefore,
data by 235 unique respondents were subjected to further analyses.

From the responses which were recorded in data file of online questionnaire
form, the following results of the scale-based assessment of signs complexity
(1 = very easy; 5 = very hard) emerged for the researched signs (see Table 10.1):
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Table 10.1: Average assessment of signs’ complexity by the respondents

Average rating

Sign (English Anonymous . . Number of Without With
equivalent) code Motion matrix morphemes All experience | experience
YES S02 1H without contact 6 1.3 1.3 1.3
100 S05 1H without contact 11 32 3.1 34
SUN S10 1H without contact 7 1.2 1.3 1.1
WOLF S18 1H without contact 9 1.5 1.5 1.6
GREEN S27 1H with contact 7 1.6 1.6 1.7
SPAIN S11 1H with contact 6 22 22 2.4
OLD S12 1H with contact 8 1.4 1.4 1.3
ART S14 1H with contact 11 2.8 2.9 2.6
WEATHER S08 2H symmetric 15 1.3 1.3 1.2
HELP S22 2H symmetric 11 1.3 1.4 1.2
FAMILY S24 2H symmetric 17 2.0 2.0 1.8
EGG 526 2H symmetric 19 1.6 1.6 1.4
DUCK S04 2H semisymmetric 19 3.0 3.0 2.7
HIGHWAY S09 2H semisymmetric 15 2.0 2.0 1.9
SHOP S21 2H semisymmetric 13 1.7 1.7 1.6
CABBAGE 528 2H semisymmetric 17 2.0 2.1 1.9
BANANA S01 2H non-symmetric 16 2.7 2.9 1.8
FAT S13 2H non-symmetric 13 1.8 1.7 1.8
FAITHFUL S17 2H non-symmetric 11 1.4 1.3 1.5
DANGER S20 2H non-symmetric 14 2.8 2.8 2.6
TACK S03 2H asymmetric 11 1.6 1.5 2.0
TRUST S16 2H asymmetric 14 1.8 1.7 2.1
BRIGHT S19 2H asymmetric 16 3.1 3.1 3.1
YEAR S25 2H asymmetric 18 2.1 2.2 1.9
LIBRARY S06 composed 24 3.6 3.7 3.0
MAY S07 composed 18 3.5 34 3.5
FEBRUARY S15 composed 31 3.1 3.2 2.7
DON’T KNOW S23 composed 15 34 34 33

From the results stated above, it is possible to conclude (see Table 10.2) that the
lowest average values at scale from 1 (very simple) to 5 (very complicated) were
achieved in all three groups (all/without any experience with sign language/with
experience with sign language) by one-handed signs or by two-handed signs in
which both hands are in the same shape (the symmetric and non-symmetric).
Signs of this type therefore have an extensive didactic potential and they should
be (in addition to the contextual and content point of view) included in the vocab-
ulary for students—beginners.
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Table 10.2: The order of seven signs with the lowest average value of complexity
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All Without experience With experience
Slgr,lv Motion Av. Slg[,l Motion Av. SlgI} Motion Av.
Rank | (English | gy rating (English | 1arix rating (English | o045 rating
equivalent) equivalent) equivalent)
1. SUN 1H without | 1.2 SUN 1H without | 1.3 SUN IH without | 1.1
contact contact contact
2. | WEATHER | 2H 1.3 | FAITHFUL | 2H non- 1.3 | WEATHER | 2H 1.2
symmetric symmetric symmetric
3. HELP 2H 1.3 | WEATHER | 2H 1.3 HELP 2H 1.2
symmetric symmetric symmetric
4. YES 1H without | 1.3 YES 1H without | 1.3 OLD 1H with 1.3
contact contact contact
5. | FAITHFUL | 2H non- 1.4 HELP 2H 1.4 YES IH without | 1.3
symmetric symmetric contact
6. OLD 1H with 1.4 OLD 1H with 14 EGG 2H 1.4
contact contact symmetric
7. WOLF 1H without | 1.5 WOLF 1H without | 1.5 | FAITHFUL | 2H non- 1.5
contact contact symmetric

In terms of a group of 7 signs with the highest average value of complexity,
the vast majority of respondents (as expected) of all 3 groups mentioned the com-
posed signs—i.e. signs with a combination of more motion matrices in which
there is a larger number of morphemes (see Table 10.3). However, the placement
of a sign for a numeral 100 with a motion matrix of a one-handed sign without
a contact is rather surprising. Nevertheless, it is a sign with rather high number of
morphemes which are necessary to capture—therefore, it is obvious that the high
number of morphemes is significantly projected in the perception of its complex-
ity even in case of one-handed sign. From the perspective of didactics, they are
not appropriate to be taught in the initial training.

Table 10.3: The order of seven signs with the highest average value of complexity

All Without experience With experience
Slgl,j Motion Av. Slgl,j Motion Av. Slgl,l Motion Av.
Rank (EPg"Sh matrix rating (Eﬂgl'Sh matrix rating (EﬁghSh matrix rating
equivalent) equivalent) equivalent)
22. DUCK 2H semi- 3.0 DUCK 2H semi- 3.0 | FEBRUARY | composed 2.7
symmetric symmetric
23. | FEBRUARY | composed 3.1 100 IH without | 3.1 DUCK 2H semi- 2.7
contact symmetric
24. BRIGHT | 2H asym- 3.1 BRIGHT | 2H asym- 3.1 LIBRARY | composed 3.0
metric metric
25. 100 1H without | 3.2 | FEBRUARY | composed 32 BRIGHT | 2H asym- 3.1
contact metric
26. DON'T composed 34 DON'T composed 3.4 DON'T composed 33
KNOW KNOW KNOW
27. MAY composed 3.5 MAY composed 3.4 100 1H without | 3.4
contact
28. | LIBRARY | composed 3.6 LIBRARY | composed 3.7 MAY composed 35

In Figure 10.2, the correlation matrix for signs and assessments in the ques-
tionnaire is plotted. The most interesting discoveries are presented in fourth to
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sixth rows. The assessment of complexity done by respondents with and without
experience with sign language are strongly correlated. Therefore, the signs which
are complex for one group are complex for the second group as well. Among
both groups, the correlation is growing when the number of morphemes is ad-
justed (last two columns), therefore, the adjusted assessment is more correspond-
ing to the perception of complexity of signs among the respondents (the corre-
lation raises from 0.42 to 0.57 among respondents without experience, and from
0.57 to 0.68 in total.

From the didactic perspective, we consider the confirmation of the theoretical
assumption of the easier memorability of the signs, which contain a lesser num-
ber of morphemes. As the simplest ones, the symmetric signs are considered,
i.e. those which are performed with hands in the same shape, they are in mirror
positions and they perform the identical motion. In addition, both groups of one-
handed signs are perceived as relatively simple—e.g. those with no contact and
with a contact to a body. The composed signs are unambiguously perceived the
most complex and difficult. While designing the methodology of Czech sign lan-
guage teaching for target groups of hearing people (while the research included
235 respondents from 13 to 42 years of age), it would be appropriate to include
signs from groups of motion matrices which were perceived simple mainly in the
initial stages of the teaching.
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Figure 10.2: Correlation of a type of morpheme and its assessment?

2TAB = place of articulation; DEZ = shape of the articulating hand(s); ORIl = orientation of
palm; ORI2 = orientation of fingers; HA = mutual position of hands; SIG = hand movements. For
detailed desctiption of sign parameters see Section Manual factors in sign language in Chapter 1.3
Sign language as a natural language
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Unfortunately, we have not yet been able so far to put into effect the results
of the questionnaire with respect to a possible connection to a methodology how
to measure effectively the lengths of signs and their constituents. Nevertheless,
the performed experiments about the verification of quantitative linguistic laws
for the speeches in Czech sign language opened the new horizons in sign lan-
guages investigations. On the other hand, the sign language effects (e.g. synergy
of simultaneities), which have no analogy in spoken languages, can also bring
new impulses into quantitative linguistics itself. For sentences and clauses, the
obtained results hold in analogy to spoken languages.
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Peter Angermann with his painting Artificial Intelligence (Nohandsfractal) from 2010
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The main aim of this book is to present current research outcomes

from quantitative analysis of Czech sign language. A multidisciplinary
research project entitled “The Theoretical Basis for Teaching Czech

Sign Language Tested through Quantitative Linguistic Methods” was
carried out by researchers from three faculties of Palacky University in
Olomouc, Czech Republic. It is the first attempt in the field of quantitative
linguistics applied to a sign language. The authors believe that their book
can serve at least as an introduction for further steps in this meritorious
interdisciplinary area.
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