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1 Executive Summary

In the Digital Ecosystem (DE), different elements (e.g. interfaces, language,
knowledge representation) interact with each other. The goal of this research
is to provide a common background of analysing such systems through in-
troducing two ideas:

1. The complex components of DEs are sign systems having common
structure

2. Frequency forces systems to change

This deliverable aims to continue the investigations of a frequency-based ap-
proach on evolution proposed in the Deliverable D6.8 1. Additional dimension
of semiotics (study of sign systems) allows us to generalise the study of sys-
tem structures and functionalities as well as to provide useful insights into
development (and design) of such systems. The right choice of signs and sign
systems is important in the representation of structural, communicative and
functional components of any user interface (e.g. icon of a program or func-
tion). Independent of their origin (e.g. a program, natural language, visual
system, and others), all systems existing in DEs are sign systems. Hence,
the semiotic approach helps to understand their ”universal” structure and
to merge different poles (technical and human) through the interface design.
In overall, the integration of these approaches endeavours the investigations
towards universal principles of dynamic systems.

Lapteva, O., Peukert, H., Nyknen, O. and Eder, R. (2009). Models of the Evolutionary
Framework for Language, European Commission FP7 ”OPAALS” project deliverable 6.8.
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2 Scope of the deliverable

This deliverable identifies two important aspect of the design and develop-
ment of DEs in general and single dynamic elements (interfaces, knowledge
representations, and other) in particular. The semiotic view provides a com-
mon universal structure for all systems, i.e. the structure of signs. Looking
through the lens of semiotic theory, it is possible to analyse the complexity
of these structures. However, these systems are constantly changing followed
certain mechanisms. Hence, the frequency-based approach is applied using
the example of OPAALS language.

The proposed framework provides not only the theoretical platform for
analysing complex dynamic systems and their interaction, but also intro-
duces new dimensions into the design and implementation of such systems
(e.g. OKS). Furthermore, the network analysis of natural language provides
important insights into the problem and mechanisms of language change,
which are crucial in the overall development of DEs. The output of this
research can be applied to different areas of DEs, for example:

e socio-cultural norms and their reflection in digital environments (in
form of sign systems)

e development of interactive dynamic user-interface environments (con-
sidering the integration of semiotic theory and the frequency-based ap-
proach on evolution)

e analysis of frequency patterns in natural language can be effectively
integrated in the DEs and OKS (e.g. dynamic knowledge spaces and
language networks)
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3 Introduction

Language is one of the most important and at the same time complex systems
in human societies. The same is true for Digital Ecosystems: not only the
dimension of communication and social interaction is involved, but also the
technical layer that underlies and supports these processes. Hence, the role
of linguistic analysis is crucial for understanding the structure and character
of DEs with humans as their primary actors. The linguistic lens opens a new
perspective to the human-related aspects of communication and knowledge
representation/sharing as well as to the technological development involved
in the evolution of DEs.

This deliverable considers the linguistic view at different layers of organi-
sation within the DE based on the self-reflection of the OPAALS as a commu-
nity and the notion of the Open Knowledge Space (OKS) as the platform for
collaboration, communication, knowledge representation and sharing. In all
these processes, language is the underlying mechanism, which complexity and
dynamic evolving character influence the overall development in societies.

Considering the fact that technological environment involves humans as
well (e.g. software developers, engineers), we make a step further and apply
the linguistic (semiotic) view on these parts of the DE development. Hence,
our analytic framework connects different poles of digital communities: from
technical creation through human-computer interaction to the evolving com-
munity.

Digital Ecosystems are highly complex environments that involve not
only technological but also complex socio-cultural forms where language as
a mechanism of communication provides an underlying platform. It is used
in communication between different members of a community, forms up the
knowledge representation and information sharing among users, reflects cul-
tural /organisational norms and rules, and influences the evolutionary aspects
of development. Language as a complex sign system with its rules, ambiguity
and richness connects a variety of aspects in our life, from interactions with
other members in the community or culture to the development of complex
knowledge forms. Hence, language is inseparable part of the existence within
the Digital Ecosystem.

In the following sections we are going to discuss the complexity of lin-
guistic patterns not only in relation to the language structure and change,
but also in connection with the DE and OKS involving different ”actors”
(developers, interfaces, and users). The interaction of language, culture, and
technology causes the constant change and evolution of technological and
socio-cultural environments at different levels of structural organisation (e.g.
groups, organisations, communities, cultures).
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The focus of this deliverable is twofold. On the one hand, we introduce the
semiotic approach in order to analyse the complexity of different structures
as sign systems existing in Digital Ecosystems. On the other hand, the
frequency-based approach introduced in D6.8 adds the evolutionary aspect
to the analysis of these structures.
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4 Linguistic Perspective

In relation to the Digital Ecosystem, Open Knowledge Space (OKS) repre-
sents an environmental platform for communication, knowledge creation, rep-
resentation and sharing. One of the important properties of this platform is
its distributional character allowing dynamic growth and change at different
levels of organisation including social network and information/knowledge
distributed through this network. The evolution of the OKS is a complex
multi-layered process, in which the language plays a central role. Consider-
ing a Digital Ecosystem as the underlying environment, in which the OKS
grows and changes, it becomes obvious that the evolutionary aspects cannot
be reduced to the practical ”implementations”, for example, version control
of information, system, or network. In order to understand the dynamics,
regulations and laws of the DE and its components, complex interplay of dif-
ferent layers, their structures and processes needs to be considered (Figure

1).

e

Technical / Programming /\

Layer

Evolution

Sign
systems

Socio-cultural layer \/

Figure 1: Analytic Framework

The technical, socio-cultural and interface (e.g. OKS) layers correspond
to the different ”systems” existing within Digital Ecosystems. Even though
different types of actors work in each layer (e.g. software developers in the
technical and interface systems; users are the part of interface and socio-
cultural layers), we argue that the joined integrative view on the environ-
ment as a whole provides useful insights into the complexity of the structure,
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patterns and evolution.

4.1 Technical/programming layer

The technical layer underlies the whole structure of the OKS and is crucial for
the overall functioning of DE. Considering the dynamic character of DEs, the
development of the corresponding infrastructure (e.g. Flypeer ? within the
OKS) influences the interaction between users and programs. Humans have
the cognitive and physiological components that allow them to communicate.
Same is true for digital environments. We need a platform for processing
the information in human-understandable form. From the user perspective,
there is no direct manipulation of the binary code: users ”manipulate higher-
level abstracted signs and representations of the data in order to perform
tasks” (O’Neill, 2008, p. 15). At the intersection between technical and
user-centred aspects of the OKS, the role of semiotic sign and theory will
be discussed together with the language-based view on the evolution of the

OKS.

4.2 Open Knowledge Space as a platform for interac-
tions

”While binary code still remains at the center of the computational process,
graphical and lexical sign systems that represent concepts and familiar ac-
tivities have been introduced as the front end, or interface, that allow us to
understand and operate them in our own terms” (O’Neill, 2008, p. 15).

OKS is the connecting component between technical and socio-cultural
layers. Within the digital environments, the interaction between the tech-
nical, interface and user perspectives usually occurs in one of the following
modes:

e system — user (e.g. a community member navigates through the OKS)

e user — system — user, i.e a system is a connecting element in commu-
nication and collaboration between users (e.g. a conference call using

the OKS)

e system — system (e.g. adjustment of different knowledge representation
systems such as ontologies without the human involvement)

e developer — system (e.g. development of the OKS)

2Dynamic P2P Infrastructure: http://kenai.com/projects/flypeer
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These three modes co-exists in the proposed framework: the developer works
primarily in the Technical /Programming Layer, a system exists within the
second layer (OKS/DE) and the user is the primary actor within the socio-
cultural layer. In relation to the DE and OKS development, we suggest to
use the more advantageous mode of interactions, the triadic mode illustrated
in Figure 2.

User

Developer «=——— System

Figure 2: Modes of interaction

One of the important goals of community building, especially in context
of the OPAALS project, is knowledge production, representation and shar-
ing. The community plays a critical role in determining what we take to
be true, and how we develop knowledge. Knowledge is always situated in
a place, time, conditions, practices and understandings (Van House, 2004).
Regarding collaborative knowledge production and management in the in-
terdisciplinary communities, there is a need of the environment that can be
used and managed intuitively from members of different domains and back-
grounds. In order to achieve this goal, the ”common language” by means of
terms, their meanings and relations is necessary.

Furthermore, the users needs, their socio-cultural rules and traditions in-
fluence the use of digital platforms. This aspects must already be considered
at the stage of design, for example, what signs and sign systems are accept-
able and understandable in the certain community; what are the commu-
nicative traditions. Additionally, the aspects of adaptability, dynamics and
evolution plays an important role in the context of the OKS development.

4.3 Socio-cultural layer

The complexity of natural language stems from the intricacy of language itself
(Farghaly & Hedin, 2003). In the context of the community development, it
is important to understand how linguistic items are selected and organized
to serve the specific cognitive aims of a particular knowledge domain. Our
choice of words and their usage may be conditioned by what we are talking
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about and to whom we are talking (Farghaly & Hedin, 2003). Signs and
their meaning are formed by social groups primarily as part of the social
division of labor in society. These issues influence the linguistic work within
a specific domain. A large number of groups may develop symbol systems
(terms and concepts) and share knowledge, which they do not share with the
rest of society. There may be a considerable degree of common knowledge
and shared meaning (Hjorland, 2002). The structured terminology can be
seen as an multidimensional interacting system that helps build and organize
communities and their relations and interactions with others.

The socio-cultural layer provides the requirements used by a community
in form of communicative styles, forms and rules, language and sign usage,
types of tools, knowledge representation forms.

4.4 Sign Systems and Evolution

How the described layers, in respect to their complexity, can be conjointly
analysed? We argue, that the integration of two approaches, semiotics (=
sign systems) and evolution (= role of frequency) provides a platform of
investigating the complexity and underlying mechanism of change in respect
to the DE research.

OKS is a complex platform consisting "not only of simple computational
forms but also of complex cultural forms (sign systems)” (O’Neill, 2008,
p. 19). In relation to the Human-Computer-Interaction (HCI) research, the
analysis of interfaces as systems of signs can be interesting and useful for two
reasons:

1. Considering interfaces as signs we connect the objects to the meanings
and possible interpretations by users.

2. Semiotic approach considers ”the whole process of interaction as a semi-
otic process, where signs are transformed, exchanged and interpreted”
(O’Neill, 2003, p. 1) at different levels.

The interaction of sign systems including natural language forces the
evolution of their structure and elements.

In Digital Ecosystems, similar to the real-life environments, different nat-
ural pressures force change. Technical progress influences the way we use dig-
ital platforms: ”Future computer systems promise to enhance the perceptual
mapping through increasing use of graphical displays, including large screens,
color, and three-dimensions, and the use of motion and sound” (Grudin &
Norman, 1991, p. 614).
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The second pressure of evolution is the contact with other groups (organ-
isations, communities, cultures). The contact forces the change of language
in order to make the communication between members of different groups
successful and efficient. The change might involve the import of elements
from one language into another one.

These pressures influences the change of the third type, the knowledge
representation system. Through the contact of cultures and technological
progress, the communities are forced to change their knowledge system ac-
cordingly. In other words, the underlying structure of the community’s
knowledge should react to the changes in language system and to be in line
with the technological changes the DE faces. The evolution of knowledge sys-
tems can involve the changes of the high-level structure (e.g. meta-level of
ontologies) and of the elements within the structure (e.g. new/old elements,
relations between elements, the semantics of elements).
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5 Semiotic approach

5.1 Semiotic Theory

The aim of semiotics is to understand and explain ”the structure of sign sys-
tems in relation to the way they convey meaning” (O’Neill, 2008, p. 67).
Starting with Saussure and Peirce, who proposed models of sign systems, the
discipline of semiotics undergo essential changes tracing back to the techno-
logical progress in development of computers and digital environments.

Saussure (1996), focusing on natural language, introduced two distinct
parts of a sign: ”signifier” and ”signified”. A signifier corresponds to the
expression (e.g. sound sequence of a word), whereas a signified represents a
concepts at the level of meaning (Figure 3).

signifier floppy disc

A

s

\

Figure 3: Saussuean Model of Sign

In contrast to Saussure, Pierce was concerned with more general con-
ception of the sign, going beyond natural language and looking at different
kinds of signs existing in human environments and their phenomenal quali-
ties (O’Neill, 2008). The sign, according to Peirce, consists of three distinct
parts: the object, the representamen, and the interpretant. Applying this
model to the development of the OKS, it is necessary to consider how an
object can be represented and the possible way(s) of its interpretation by
users (Figure 4).

Furthermore, considering phenomenal qualities of different kinds of signs,
Peirce proposed the following categorisation of signs:

1. Icon represents "their objects via direct likeness or similarity. Essen-
tially, icons have features or qualities that resemble those of the objects
they represent” (O’Neill, 2008, p. 70). There are three different types
of iconic signs:

e Images refer not only to the visual/pictorial signs, moreover, they
are ”any sensory qualities, or combinations thereof, that represent
an object” (Johansen & Larsen, 2002, p. 37).
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Interpretant
save

Object Representamen

“ floppy disc

Figure 4: Peirce: Triadic Model of Sign

e Diagrams, functioning at the higher degree of abstraction, reflect
structure and relations between elements.

e Metaphors connect at the first sight non-related elements?.

2. Index indicates an object. As O’Neill (2008) points out, "There is
a direct link between the object and the sign. Indices are signs or
imprints often left in one physical entity, possibly a medium, by the
passage of another physical entity that uses that medium. There is a
clear connection here between the signifier and the signified, the form
and the content” (p. 70).

3. Symbol refers ”to their objects by virtue of a law or set of socially
derived rules that cause the symbol to be interpreted as referring to
that object” (O’Neill, 2008, p. 70). Symbols represent the conventions
that are accepted within a certain culture.

These types of sings are necessary for the OKS in order to navigate,
work and communicate through the platform. The choice of the signs has
to be considered in respect to the social, cultural and contextual aspects
(as proposed by Eco (1976)). In our life we use signs to transmit messages
according to certain cultural norms and conventions. The same is true for
Digital Ecosystems: certain norms exist that define the use of proper sign
for communication with a system and through the system with other users.
In the context of the OKS structure and evolution, "the actual sign usage,
as expressed in the system processes, partly presupposes the users, partly

3see deliverables D6.3 ”Metaphorological Tool Kit” and D6.7 ”Metaphorological Tool
Kit: implementation and results” for more details on metaphors
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presupposes the system structure, which again presupposes the designer”
(Andersen, 1997, p. 184). Changes in one element causes the chain reaction
of changes in the whole environment.

5.2 Semiotic view on the OKS

OKS is meant to be a working/social platform for the knowledge commu-
nities and cultures within the complex environments making up the Digital
Ecosystem. Hence, the role of human-computer interactions, communicative
processes, language and knowledge representation become the focus of in-
vestigations. The development process of such interfaces is closely related to
the study of signs, their creation and interpretation. As Kumiko Tanaka-Ishii
(2010) pointed out:

”Behind every computational system is a program. Programming
languages are among the most widely applied artificial languages.
Most programs are generated by human beings. An expression
written in programming language is interpreted by both human
and machines, these languages reflect the linguistic behaviour of
both. The application of semiotics to programming languages
therefore helps situate certain technological phenomena within a
humanities framework. ” (p.5)

The semiotic approach within the OKS development introduces the in-
teraction between machine, developer, and user. The same element (sign) is
differently represented at the level of hardware, software, and human.

Furthermore, it helps to understand the development of the system as
interaction between hardware, software, and users. ”As code structure that
stand for design ideas, patterns can be treated directly as signs and this can
lead to an effective categorisation scheme for patterns” (Khaled & Noble,
2004, p. 9).

Considering a sign as mechanism of coding and decoding messages accord-
ing to the rules of a certain culture or community, we are facing the necessity
of applying the semiotic approach to the analysis of OKS, especially in terms
of user-interface design, communication and collaboration. From the design
perspective, we differentiate static and interactive elements of the OKS. First
group, including forms, layout, graphics, colours, and other elements, is im-
portant ”in establishing a frame of reference from which to engage with its
interactive elements” (O’Neill, 2008, p. 85). The static elements of the OKS
have to provide the clear structure of the interactive and dynamic environ-
ments. The consistency of these elements helps the user to navigate through
the digital space. As O’Neill (2008) pointed out:
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"Without the static elements to guide us on the screen, we would
be lost in a maelstrom of interactive and dynamic elements. The
balance between good static layout and dynamic interactive ele-
ments is clearly an important part of any interface design. ... The
key aspect of the design of such graphics, then, has to be their
ability to communicate their purpose to a user. However, it is not
always as straightforward as assuming that a graphic might work
in a singular, linear relationship with its function. Many other
aspects of its makeup, its situation within a graphic structure as a
whole, and the context in which it is viewed, can have an effect on
its meaning. Moreover, the functionality of graphics often works
in a metaphorical way that attempts to imbue the virtual world
with a similarity to the real world (e.g. the desktop metaphor),
which does not always display the same logic or affordandes that
would be apparent in the real world” (p.85 ).

Applying the triadic model of signs (Peirce) to the OKS, we can identify
that the representamen corresponds to the form of the sign in the envi-
ronment, the object — to the underlying functionality of the sign and the
interpretant — to the understanding by the user (interpretations generated in
human mind).

Graphics are also involved in the interaction between human and dig-
ital environments as well as between different users/communities/cultures
through these environments. Hence, these elements are often integrated in
the dynamic, changeable systems together with other elements such as video,
texts, images, and culturally-related symbols.

In the context of the OKS, we need to consider not only the social and
cultural aspects of interaction. Open Knowledge Space is a working environ-
ment that has "a direct affect on the language that people use to talk about
the tasks that they are performing in that environment” (O’Neill, 2008, p. 40)

The interpretation of different signs is based on knowledge and codes
existing within a certain group, community and culture. This is true for
both, virtual and ”real-life” environments. The semiotic competence of the
users includes, according to Johansen and Larsen (2002, p. 30):

1. the ability to perceive phenomena in our environment as signs, i.e. to
understand the connection between present, (partially) hidden, and
entirely absent phenomena

2. the ability to produce and transmit signs

3. the ability to store information and form interpretative habits on the
basis of memory and learning processes.
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The OKS as a type of user interface can be seen as a complex sign system
containing single elements (e.g. images, buttons, icons, text, etc.). These el-
ements allows the communication between users and interface environment.
While interacting with the system, users interpret these signs. How impor-
tant the triadic model of sign can be in the selection of the ”correct” signs,
shows the usability study described in the deliverable D.10.21 . Considering
the semiotic view on Guigoh °, several aspects overlap with the user perspec-
tives found in the socio-scientific study of the usability of the OKS. Confusion
caused by the user experience was often based on the choice of signs to rep-
resent elements and their function in the environment (e.g. home-button
and home-textlink; icon bar; "send file” function, and others). Furthermore,
the underlying sign system, i.e. the consistency, integrity, connections of
and between the signs, and the interpretation perspective, are not yet fully
considered in the design of the OKS.

One of the major aspects in the development of user interfaces is the ap-
propriate knowledge representation platform with the language as its under-
lying system. Independently of the type of language (natural, semi-formal,
or formal), it is the system of signs that provides meaningful information
according to the socio-cultural norms of a community. As the community
constantly develops and changes, the knowledge and language changes influ-
encing their representational aspects in form of complex signs. Within the
OKS, introducing signs requires the socio-cultural knowledge of a community,
e.g. what signs are accepted by this community, how are they interpreted,
are there any ambiguity issues in the process of interpretation.

From the semiotic perspective of the OKS, following requirements need
to be fulfilled (Johansen & Larsen, 2002, p. 31):

1. the development of the representative situation-independent systems

2. the development of production and reproduction techniques that ensure
the reliable and preferably rapid recording and distribution of signs

3. the creation of conventions that ensure more or less congruent inter-
pretations of the transmitted signs

In conclusion, semiotics "provides guidelines for organizing and using
signs to represent something to someone for some purpose”. Hence, it is

4Bruer, M., Steinicke, 1., and Zeller, F. (2010). Report on recommendations for improv-
ing the usability of the OKS, European Commission FP7 7OPAALS” project deliverable
10.21

Shttp://www.opaals.org.br/
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an important component in the design and implementation of interactive in-
terfaces. Andersen (2000) highlights the following aspects in respect to the
semiotic approach of interface design:

e System model and User model are "two interpretations of the same
sign-complex produced by two groups that access different parts of it
(designer and user)” (p. 420)

e Reinterpretation of technical issues

From a semiotic perspective, many processes which computer
science sees as data storage and retrieval are really commu-
nicative processes. [...] This means that it must conform
to the normal principles of communication by providing a
context for interpretation (Andersen, 2000, p. 420).

On the one hand, the formal systems have to be defined according to
the certain forms and patterns. On the other hand, these systems have
to be developed considering interpretational aspects within the certain
socio-cultural and organisational contexts.

e The qualitative and quantitative social research methods are necessary
to force the interactions between developers and users, between the
sign system creation and its interpretation.
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6 Frequency of Linguistic patterns

”...evolution refers to the process by which organizations and
their information systems change over time. Since the world
changes, business changes, strategy changes and context change,
the information systems need to adapt to such changes in order
to deliver benefits. Further, changes in information systems also
affect other systems. The change process is continuous, multi-
dimensional and difficult to manage ” (Lindgren, Hardless, Pessi,
& Nulden, 2002, p. 1).

The major element influencing the change of a knowledge system in human
societies is natural language. It is one of the core components of our life.
People communicate through language, share their ideas, discuss problems,
represent and produce their knowledge. As a complex system, language pro-
vides an intrigating platform for investigation of patterns and their dynamics
on the time scale. In online communities, the complexity and changeability
of language becomes crucial.

One of the interesting platforms for investigating linguistic patterns, their
complexity and dynamics, is the OPAALS community. On the one hand, we
have “different” scientific languages (e.g. social scientists, natural scientists,
computer scientists and engineers) that interact with each other in order to
provide a common global platform for communication and knowledge produc-
tion. On the other hand, through interactions between community’s mem-
bers we are facing strong alterations of different language patterns (e.g., new
words, concepts, expressions, and others).

In the context of language use in the OPAALS community, we can find
the first evidence supporting the frequency-based approach on language evo-
lution, which was proposed and described in the Deliverable 6.8. Two im-
portant aspects of analysing frequency patterns in the OPAALS’ language,
Zipfian distribution of words and the statistical patterns of language net-
works, will be presented in this section.

6.1 Linguistic Data: OPAALS community

For the purposes of analysing linguistic patterns existing within the OPAALS
community, the corpus-based approach has been chosen . The OPAALS
corpus is a complex collection of data including:

e wiki corpus containing the web sites from the OPAALS wiki pages

6see Deliverable D6.4 for more detail on corpus-based approach.
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In order to make this corpus as representative as possible, we applied a
certain set of filtering criteria: the pages containing reports, discussions
of research topics, descriptions and progress of the research tasks, etc.
were included in the corpus. Contrariwise, web sites containing system-
relevant information (for example, help pages), meeting information
(place, time, directions, accommodation), and so on have been filtered
out and were not included in the corpus.

e deliverable corpus

Deliverables reflect the knowledge of OPAALS community as a result of
interdisciplinary collaboration. Hence, all documents submitted since
the beginning of the OPAALS project have been included in the corpus.

e email corpus

In such communities like OPAALS (i.e. interdisciplinary, distributed,
and multilingual), emails are one of the major sources for communica-
tion. OPAALS email corpus was build based on the messages commu-
nicated through all@opaals.org.

e newsletter corpus

As a holder for the latest news and summary of the scientific work
within the OPAALS community, newsletter provide important data
for analysis.

e uestionnaire data

At the beginning of the OPAALS project, the questionnaire has been
developed in order to analyse dynamics of the OPAALS community on
the time scale. One part of the questionnaire addressed linguistic issues
(e.g. understanding of concepts relevant for the OPAALS research).
The resulting data covers four waves made within the life of the project.

The timeline for the OPAALS data collected during the OPAALS project is
illustrated in Figure 5.

6.2 Zipfian Distributions in Language of the OPAALS
community
One of the observations we consider in relation to natural language is called

the Zipt’s law proposed by the linguist George Kingsley Zipf in 1935. Basi-
cally, it describes the probability of occurrence of elements in a given corpus
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Figure 5: OPAALS corpus: timeline
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of natural language and states that the rank of words in terms of their fre-
quency is inversely proportional to their actual frequency (Tullo & Hurford,
2003).

The mathematical representation of this law is f = T%, where f is the
frequency, r is the rank and k is a constant.

In relation to natural language, we use the Zip’s law in two relations:

1. the relation between the frequency of words and their rank
2. the relation between the length of words and their frequency of usage

Based on the collected data of OPAALS community, we analysed the fre-
quency distribution of words. All corpus data shows the tendency described
by Zipf’s law. The results in the Figure 6 illustrate the Zipfian distribution
with log axes. Ranks are represented by the X-axis, the frequencies — by the
Y-axis.

OPAALS Deliverables

P g —pryr—— = 7 & [STE = 7 [SE =

Year 1 Year 2 Year 3

Figure 6: Zipfian Distribution

Our observations show that the words do not follow the Zip’s law with
the mathematical precision. This is due to the fact that the empirical data
of OPAALS (and of any other natural language) consists of many words that
share the same frequency. This is especially the case in the low-frequency
areas. More importantly, however, is not the mathematical precision, rather
the tendency we observe while analysing such complex systems. This as-
pect has been found in other studies focusing on the Zipfian distribution in
languages (Li, 1992; Hatzigeorgiu & Carayannis, 2001; Nemeth & Zainko,
2002).
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Another aspect, we can analyse using Zipf’s law is the relationship be-
tween the frequency of occurrence and the length of a word. ”it seems reason-
ably clear that shorter words are distinctly more favoured in language than
longer words” (Zipf, 1993). This observation is also true for the language of
the OPAALS community.

What do these observations mean for the natural language and its change?
And can we find similar observations in other sign systems?

Using this observed tendency, we can try to explain the emergence of
irregularities in language. Thus, beside the Zipfian correlations, linguists are
familiar with the fact that there is also a correlation between the frequency
of words and constructions and their morphological or syntactic irregularity.
For instance, the most frequent verbs in a language are also those most likely
to be irregular (Tullo & Hurford, 2003, p. 63).

The Zipfian distribution can be found in other forms as well. In 1986,
Ellis and Hitchcock (1986) observed that computer users create command
abbreviations. Moreover, these aliases follow the Zipf’s law in terms of the
relation between the length and the frequency of usage. This means, that
the shorter terms were used for high-frequency commands (Grudin & Nor-
man, 1991). The Zipf’s law provides the platform for investigating certain
properties of a system. In relation to natural language, these properties are:

e the efficiency of language (e.g. shorter words are more frequent)
e the combination of and connection between words in a language

As Cancho and Solé (2003) pointed out, ”the emergence of a complex lan-
guage is one of the fundamental events of human evolution” (p.788). Zipf’s
law as one of the fundamental principles of organisation in such systems pro-
vides a model for the analysis of structural properties, power and efficiency.

This approach considers the single elements, their form and position
within a system. However, the evolutionary processes depend also on the
connections between these elements. Hence, the research can be expanded
through introducing the network analysis, which is the focus of the next
section.

6.3 Language networks

Natural languages are networks that are robust and efficient in respect of
their evolution. ”If the network characteristics are properly identified, they
may be applied in the construction of many kinds of artificial networks.
These characteristics are expected to be culture independent” (Makaruk &
Owczarek, 2008)
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The statistical properties of language networks provide valuable infor-
mation about processes of development and evolution and can be applied
to the different levels of organisation (e.g. language of individual, group,
organisation, community, culture). Furthermore, since the network struc-
ture underlies the representation of knowledge in digital environments, the
investigations of its structure and dynamics are necessary.

In the analysis of the OPAALS language, we chose the collocational net-
work that represents the connections between terms used in the OPAALS
community. The exemplary fragment of the network presented in Figure 7
shows the collocations used in the deliverables of the year 1.

Shall Seriously

Achieving

Certainly
. Compensatory

/
! % =4l Subtransaction

Paradigm ‘K\\“’/f’ i Local

Wi Perspective

Pan-europ

Hypothesis

Figure 7: Collocational Network

In the analysis of statistical properties, we consider different measures:

1. Average path length, which is the number of relations in the shortest
way from one node to another

2. Clustering Coefficient, which mirrors the closeness of nodes in the net-
work.
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3. Degree distribution

4. Degree centrality, which reflects the number of connections a node has.
In the collocational network we differentiate between the Out-Degree
Centrality (total number of ties sent) and In-Degree Centrality (total
number of ties received). Centralisation characterises a network in
terms of how unequal the distribution of centrality is and how much
variance there is in the network.

Additionally, the random network of the same size has been created in
order to provide a reference point in our analysis. The statistical measures
of both networks are provided in Table 1.

Measure Notation | Collocation | Random
Clustering Coefficient CcC 9.615 0.994
Weighted Clustering Coefficient 7.975 0.993
Average path length P 1.565 1.374

Table 1: Statistical Measures

As illustrated in Table 1, the collocational network shows P = 1.565
and CC = 9.615. In comparison, the corresponding random network has
Prondgom = 1.374 and CCpngom = 0.994. These results are the hallmarks of
the small-world phenomenon. Small world network can be defined as a graph
with n vertices and average vertex degree k that exhibits P & P,gn40m(n, k)
and CC >> CCrangom (Watts, 2003). P refers to the path-length of the
network and C'C' is the clustering coefficient. P,4n40m and CCungom are the
values of the path-length and clustering coefficient for the random network
with the same k and n. The degree distributions within this network are il-
lustrated in Figure 8. Our results partially correspond to the work of Motter,
Moura, Lai, and Dasgupta (2002) who investigated the properties of language
network in English Thesaurus. The entries in the Thesaurus are vertices of
the network and synonymic relationships build up the corresponding links
between them. According to the authors, this network ”presents a small-
world structure, with an amazingly small average shortest path, and appears
to exhibit an asymptotic scale-free feature” (p. 1).

In our analysis of the collocational network, we also use the centrality
measures that refer "to the identification of the 'most important’ actors in
the network” (Parhi, 2008, p. 13). The degree centrality of the network
is represented by two measures: In-Degree and Out-Degree. Out-Degree
indicates the influence of nodes in the network, whereas In-Degree refers to
the prestige and popularity of the nodes in the network. In other words, nodes
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"receiving many ties are often said to be prominent or have high prestige”
(Parhi, 2008, p. 14) in the network. The nodes with the high out-degree
values are ”those who are able to exchange with many others” (Parhi, 2008,
p. 14). The out-degrees of the nodes in our network shows the sparseness
with the relatively high number of nodes having the small value of degree
range. Furthermore, both the Out-degree and In-degree vary in values among
the nodes within the network (see Table 2). Analysing the centralisation

Measures Out-Degree | In-Degree
Mean 113.310 113.310
Standard Deviation 141.990 160.976
Maximum 0.000 1.000
Maximum 487.000 729.000
Network Centralisation 8.277T% 13.637%

Table 2: Degree Centrality: statistical measures

measures, we can conclude that there is a small amount of concentration
or centralization in this network. The network centralisation measures are
useful ”for indicating levels of network coordination” and illustrate to what
degree "the entire network is focused around a few central nodes” (Hagen,
Killinger, & Streeter, 1997).

In our analysis, three measures (the average path length, clustering coef-
ficient and degree distribution) mirror the intriguing properties of the collo-
cational network and provide the important insights into the structure and
growth of language networks in general. The first results of analysing the
properties of the collocational network in the OPAALS community show the
tendency to the small world structure, which ”indicates that language evolu-
tion might have involved the selection of a particular arrangement of connec-
tions between words” (Ferrer-i-Cancho & Sole, 2001, p. 2264). This means,
that the described type of networks has a high representation of cliques, and
as the result, has several sub-networks in its structure. The high value of the
clustering coefficient provides the evidence for this conclusion. Second con-
cept, the average path length, illustrates the efficiency of a system in which
the distance between two nodes in the network is small. The analysis of In-
and Out-Degree distributions reveals that the network has a power-law form
" allowing for a few nodes of very large degree to exist” (Wang & Chen, 2003,
p. 14). In other words, there is a small number of well-connected hubs (=
words) and many nodes with few connections. This aspect is crucial in terms
of robustness and growth of a network.

The statistical analysis in language networks provides important proper-
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ties responsible for robustness and efficiency in their structure and during
their evolution. Comparing our results with other investigations of natural
language networks, we can conclude that these characteristics tend to be cul-
ture independent. These findings are crucial in multilingual interdisciplinary
communities such as OPAALS.
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7 Conclusion

The complexity and frequency patterns have been studied in the context of
Digital Ecosystems, the OPAALS community and the OKS. The theory of
Digital Ecosystem in general as well as the development of dynamic interfaces
for human-computer(-human) interaction in particular, require the analysis
of these patterns. In this deliverable, we argue that the semiotic approach
helps to understand the complexity through connecting technological and
socio-cultural views and finding the common ground at the more general and
abstract level. A variety of systems can be seen as networks with intercon-
nected elements. Hence, the understanding of the structure and dynamics of
change (identifying statistical properties) helps in the development of adap-
tive and dynamic systems. Language is a complex, dynamic and constantly
evolving system. It is a network, which is constantly optimized for both
robustness and efficiency during the development. If the network character-
istics, which are responsible for the efficiency and robustness, are properly
identified, we might be able to apply them in the modelling of different kinds
of networks (e.g. ontologies, communicational networks, etc.). These char-
acteristics seem to be universal, i.e. culture independent.

The proposed frequency-based approach was exemplarily applied to the
"language of OPAALS”. The gained results need further investigations in
terms of increasing the amount of data, introducing the time dimension (e.g.
how the language system develops and changes over time) and applying this
study to other types of dynamic systems. In order to understand and imple-
ment the dynamics of change in digital environments, we suggest to apply
the frequency-based analysis to the following areas:

1. Knowledge Representation system (e.g. ontology-based)

2. Interaction between different systems (e.g. assembly, integration and
adaptation of ontologies)

3. Interactions between users through the interface (frequency-based ap-
proach within the sign systems)

4. Interactions between systems (e.g. different types of OKS or other
interfaces)

More generally, we argue that the semiotic view allows us to generalise
and analyse systems independently of their types. All of them are sign sys-
tems following certain laws and regulations. Similarly, the frequency-based
approach on evolution seems to be universal. Analysing statistical proper-
ties of such systems provides information about their structure and dynamics,
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which can be considered not only at the theoretical level of DEs, but also at
the implementational level of development.
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