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Modelling Contexts in Cross-Cultural
Communication Environments
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Abstract. In our research, context is defined as a situaioser has at hand. The
focus in our study is on modelling contexts in erosltural communication

environments. These environments can be physiéalal or hybrid. Cross-

cultural communication environment — user — sitwratis the key triplet in our

context research. In our paper we discuss contex key to situation-specific
computing. We introduce our cross-cultural commation context tree and

context flow architecture and an example of impletaton i.e. Context-Based e-
Assistant for Cross-Cultural Communication (CeACCC)

Keywords. Context models, context tree, context flow, crogkural
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Introduction

Cultural competence has become an important dirmengr success in today’s
international business and research arena. Cultcoahputing is an emerging,
multidisciplinary computer science field as disatsdy Fei-Yue Wang in his letter
from the editor in IEEE Intelligent Systems Spedsslue for Al and Cultural Heritage
[31]. In the near future, cultural computing wikhe several important applications in
our knowledge societies in the fields such as lassin environment, health care,
education and research.

What is culture? Culture is embodied in how pedpleract with other individuals
and with their environment; it is a way of life foed under specific historical, natural
and social conditions [10, 15, 18, 23, 31]. Cultca® be considered as one example of
context and cultural computing as a subset of coremputing (see the definitions in
Table 1). A computational method, a computer systerman application is context-
sensitive if it includes context-based functiond #rit uses context to provide relevant
information and services to the user, where releyaepends on the user’s situation.

Such applications have to adapt not only to theécdethe connection state and the
user environment but also to the user’s situatiohaad. These parameters partially
characterize a contextual situation. For examplerogect manager monitors project’s
forthcoming milestones by means of the project mgangent system, or he/she
examines the same system when preparing the ngxddiasory board meeting. In the
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first case the contextual situation is a long-tgmrmoject monitoring undertaking with
more general content, whereas in the second caseotitextual situation is short-term
project monitoring task with detailed content.

A variety of context models have been subject stagch. Many of them model
only the physical environment, i.e. location, idgntand time [4, 29]. The focus of our
context modelling is on users’ situations at handcioss-cultural communication
environments. We propose a two-level context mdial includes a generic level and
an application domain specific level. Our applioatdomain is cross-culturality. Our
study is a part of the two-year joint project onbifuitous Cross-Cultural Knowledge
Spaces/Ubiquitous Cross-Cultural Multimedia Systefiee Mobile Computing
Societies” between Keio University SFC, the Kanagalustitute of Technology,
Komazawa University, the Tampere University of Tealogy, Pori, and the University
of Jyvaskyla [14, 19, 30]. The essential conceptdun our paper are summarized in
Table 1.

The paper is organized as follows. Context defingiand models are summarized
in Section 1. Our context tree and context flow h#ecture in cross-cultural
communication environments are introduced in SacBoln Section 3 we present an
example of implementation “Context-Based e-Assistan Supporting Cross-Cultural
Communication”. Section 4 is reserved for conclosiand issues for further research.

Table 1. The essential concepts used in our paper

Concept Definition

Culture Culture is embodied in how people intereith other individuals and with their
environment; it is a way of life formed under sfiednistorical, natural and social
conditions [31]. Other cultural levels also exgich as organization and team
cultures; these are out of scope of our paper [20].

Cross-cultural Considers studies and knowledgedmstviwo cultures.
Cross-cultural Consists of human-to-human, human-to-machine, antbh-to-environment
communication communication in cross-cultural environments. Theéi®nment can be physical gr

virtual or hybrid

Cultural computing | Research, development, design and implementationroputational models,
methods, functions and algorithms for cultural &azions.

Context Situation and/or task at hand. Cross-callituation can be considered as one
example of context.

Context-sensitive A computational method, a compsystem, or an application is context-sensiti
if it includes context-based functions and if iessontext to provide relevant
information and services to the user, where releyaepends on the user’s
situation.

]

Context computing Context computing can be defm®ethe use of context in software applications,
where the applications adapt to discovered contexkthanging their behavior. A
context-sensitive application presents the follapfieatures: context sensing,

presentation of information and services to a u#igmatic execution of a service,
and tagging of context to information for laterietal.




1. Context: Key to Situation Specific Computing

Various areas of computer science have been igatstg the concept of context over
the last decades. Ubiquitous computing is a newadorim which context is receiving
growing attention. For long time, systems like Gapfic Positioning System (GPS)
and Geographic Information System (GIS) remainedsibie source of context for the
development of location-aware systems. [4, 29]

In the literature several definitions of the teromtextcan be found [4, 29, 34].
Some essential context definitions in the fieldcomputer science are summarized in
Table 2.

Table 2. Summary of essential context definitions

Bazire and Brezillon 2003 The context acts liketa constraints that influence the behavior of a
system (a user or a computer) embedded in a gasdn The definition is
based on the analysis of a collection of 150 cdrdefinitions from several
fields of applications. [3]

Coutaz et al. 2005 Context is not simply the stdi predefined environment with a fixed set |of
interaction resources. It is part of a processi@fracting with an ever-
changing environment composed of reconfigurablgratory, distributed,
and multiscale resource. [7]

Dey et al. 2005 Context is any information that barused to characterize the situation of
entities that are considered relevant to the iotema between a user and an
application, including the user and the applicattmemselves. [8]

Leppénen 2005 A context is a conceptual or intelElaonstruct that help us understand,
analyze and design the natures, meanings andsfieotore elementary
things in the concerned environment or circumstsnicés a whole which is
determined by the focal thing(s) of which makingseis important. It is
composed of highly related things, each of whigiresents certain
contextual domain. [22]

Winograd 2001 Context is an operational term: sbingtis context because of the way it is
used in interpretation, not due to its inherenpprtes. [32]

The concept of context is still a matter of disémssand through the years several
different definitions have been proposed. Coppdiaale 2009 in [6] divide the
definitions into extensional and intensional deforis.

Extensional definitions present the context throwgHist of possible context
dimensions and their associated values. The coigengpresented by the location of
the user, the surrounding objects, proximity toeotheople, temperature, computing
devices, user profile, and physical conditions ime. Intensional definitions present
the concept of context more formally. Extensionefidtions seem to be useful in
practical applications, where the abstract concémiontext has to be made concrete.
However, from a theoretical point of view they a& properly correct, as the context
cannot be outlined just by some of its aspectsth@rother hand intensional definitions
are of little use in practice, despite being théoadly satisfying. Context is a multi-
dimensional concept.

Context modelling approaches can be classifiedhleyscheme of data structures
which are used to exchange contextual informatiothe respective system. Context
models can be divided into seven categories whielsammarized in Table 3.



Table 3. Context modelling approaches

Key-Value Models

The model of key-value pairs is the most simpladatucture for modelling contextual information.
Key-value pairs have been widely used to modettmext by providing the value of context
information (e.g. location information) to an appliion as an environment variable. Key-value paies
easy to manage, but they lack functionalities fatding advanced context retrieval algorithms. [29]

Markup Scheme Models

Common to all markup scheme modelling approachasisrarchical data structure consisting of
markup tags with attributes and content. Profiieg.(Composite Capabilities/Preference Profile) are
typical representatives of markup scheme basecexbntodelling approach. The markup scheme mode
are usually derivatives of Standard GeneralizedkMatanguage (SGM). such as the XML. They are
often either proprietary or limited to a small eétontextual aspects, or both. [29]

Graphical Modes

A very well known general purpose modelling instaumis the Unified Modeling Language (UML)
which has a strong graphical component (UML diagiamue to its generic structure, UML is also
appropriate for modelling the context. This is shdar instance by Bauer in [1], where contextual
aspects relevant to air traffic management are faddes UML extensions. Other graphical model
examples have been introduced by Bauer in [1], &lpid in [9] and by Henricksen et al. in [16].

Object-Oriented Models

The intention of object-oriented context modellaygproaches is to exploit the benefits of objeatried
approach, encapsulation and reusability, to coaetspf the problems arising from the dynamicshef t
context in ubiquitous environments. The detailsaftext processing is encapsulated on an objeet le
and hence hidden to other components. Access texdaal information is provided through specified
interfaces only [29]. UML-based graphical models ba used to specify object-oriented models.

L ogic Based M odels

A logic defines the conditions on which a conclgdéxpression or fact may be derived (a process know
as reasoning or inferencing) from a set of oth@ressions or facts. To describe these conditioassiet
of rules, a formal system is applied. In a logisdzhcontext model, the context is consequentiynddfas
facts, expressions and rules. Usually contextdfatimation is added to, updated in and deleted faom
logic based system in terms of facts or inferrednfthe rules in the system respectively. Commaallto
logic based models is a high degree of formal29] [

Ontology Based M odels

Ontology is a structure that represents relevatities) their relationships and related rules. dygies
are usually based on a formal logical model, bablogy modelling focuses more on conceptual
knowledge, supplemented with logical rules. OWh iseb ontology language intended to be used when
the information contained in documents needs tprbeessed by applications, as opposed to situatiors
where the content is presented to humans. Ontdlaggd context modelling approach provides a set pf
ontological concepts to characterize entities agchersons, places or several other kinds of abject
within their contexts. An example is context brokechitecture which provides runtime support for
context-aware systems, for example in intelligeaeting rooms applications. [4, 5, 6, 17, 22, 26, 29

S

SECI/Shar ed Context M odel

Japanese has an interesting conbapthich can be translated as shared context [24 Ne8jaka
adapted this concept for the purpose of elabor&@BG! model of knowledge creation [28fa can be
considered as a shared context, a space that seneefoundation for knowledge creation. This space
be physical (e.g. office, dispersed business spaitg)al (e.g., email, teleconference), mentaj.(shared
experiences, ideas, ideals) or any combinatioherhtBa provides a platform for advancing individual
and/or collective knowledge.

Based on context related research, we can summénae a complete and
comprehensive model is still missing. Some of tleémneasons may be the absence of
a comprehensive international standard or at M&E recommendation as well as the



lack of a reusable reference model that could Ipiegpto manage context in various
application domains.

In our research, generally speaking, context isuation at user’'s hand. The focus
in our study is on modelling cross-cultural comnuaion contexts, i.e. situations at
user’s hand in cross-cultural environments. Thesérenments can be physical, virtual
or hybrid. Cross-cultural communication environmentser/actor — situation is the key
triplet in our context research.

2. Context Tree and Context Flow Architecturein Cross-Cultural Communication
Environments

In a cross-cultural environment, the user can coniocate with (a) another user/actor
(or users/actors), (b) a machine or (c) a physigeljal or hybrid environment. In first
stage, our objective is to model cross-cultural eamication contexts. Our approach is
extensional and ontology-based. We illustrate lblyig context tree. In the second stage,
our objective is to introduce context flow architee in cross-cultural communication
environments.

Our context tree for cross-cultural communicati@TCC) includes two context
descriptor classes: general context descriptors application domain specific
descriptors (Figure 1). CTCC is a multilevel trekene the root represents the global
cross-cultural communication context: the nodethatfirst level refer to the general
and application domain specific contexts, the nodeshe second level refer to
subclasses and the leaves at the third level tefattributes, optionally specified at the
fourth level. There are situations in each classledcriptors and in their interaction
with one another that affect actions taken by d¢ioas accepted by computing entities.
The context can also be temporal. When contexintinis necessary to keep, we can
have a time stamp associated and stored with theexio data [12]. We have
implemented the context tree using Protégé [27hté@eé is a free, open source
ontology editor and knowledge-base framework.

In Figure 2 we introduce information flow and presig architecture for cross-
cultural communication environments. The system tvas main input modes: a
situation/task-specific input mode and an exptadit knowledge input mode. The
explicit/tacit knowledge input mode can be usedstire actor's own experiences in
everyday life or as a feedback from using the CdrBensitive Service System. By
means of the situation/task-specific interfaceabttr inputs static or dynamic contexts.
The context can be divided into low and high lesehtexts. The inputted low level
contexts can be mapped to high level contexts éfample the mapping function
transforms geographical coordinates to a streeteaddor a series of geographical
coordinates into a route). The high level contexte transformed to the context
integrator and manager module.

The contexts i.e. the situation the actor has atlltan be mapped to cross-cultural
communication context ontology structure by the terh manager. The mapping
function transforms the inputted context for reasgrand decisions. The reasoning
engine creates decisions which are inferred by si@ra relation and rule database.
Context logs database includes context historynfore detailed situation analysis and
for learning of user’s intentions. Reasoning ancigien procedures create knowledge



Actor 4--r Actor

Coardinates

Ackor o) Mochine curve _ StTEST Address
Actar s--s Physical | _ Interaction eographical Tnformation S fr—
Enviranment =,
Actor < Virtual District _ _Ports and Stavions
Environment 2| Cities and Tawns
Lu:u'rmn o Dissonnected
TOpOnese  pypionatiny Externclly Cornected
Finnisn
Geographical Tepology _| E#9I
Professor &1 pertially Overlepping
Fraject Manoger Tangential Preper Part
Researcher = R0l Actor Nan-Tangential Proper Part
isitar & °
PhD Student Jonuary 1st
Movice Instart _ | Friday
Intermediate | Profile 02.30 pm
Expert
Interva  Jonuary - September
02130 pen - 05:30 pm
Japan
Equals
Finland | Country
Etc
Econemy Interval Relationships
Education |- S0ciety
Environment LN
Seasans Irwerse Relations
Nature
Flora 1 Dy 2 Haurs
Fauna Duratien Deseription [ tiours
Art 1560 Minites
Musie | Mational Culture PST (Pasific Standard Time)
Time Zanes T iaht T
Architecture Cross-Cultural EDT Eastern Daylight Time
UTE {Coordinated Universal Time)
Greetings Communication
Everyday Lif Cantext Tree 10:30 am (unitMinute)
Baths, Spa, Sauna |- Everyday Life Date Time Description [ Tamary 24, 2010 {unitbay)

Food & Drinks Cross-Cultural

Communication
& o

155& (unitYear)

Transportation

Colleagues Visits
Friends | Social Relationships Academic Research Activities _| 70 Prajects
Eamit Joint Papers
Sl Activity Joint Applications
Verbal > & Business
Nen-Verbal Traveliing ___BETWeen Two Cauntries
Frivate Inside One Cauntry
Social Etiquette Communication o
ICT-bosed Lare
Signs, icens, signals [F—
Media Imoge Service
Shopping Hours Service | Audio Service
Working Hours Video Service
———— Groupware Service
Holidays . -
— 22 Temporality | [om———
easons
Festivals Internet
Family Celebrations waurk ofwian
36
Knowledge Mining  COmpUTational
onteset Compoting e, Functions Texts
Temparal Date Mining Graphics
Images
Resource
A
‘Wark Station < o Audte
Sounds
Videas
Links

Cell Phone

Figure 1. Context Tree for Cross-Cultural Communication. Aggiion domain specific descriptors are
inside the lines on the left side. Others, mostlyright side are general context descriptors. Seranples
of potential subclasses and attributes are given.

which will be used by the context-sensitive seniicecross-cultural communication

environment. Finally, the system gives context-gems output for the actor. The

output can be knowledge explaining how to act iaie situation; it may also activate

searching and delivering contents, running othgiliegtions, or more advanced data
mining functions.
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3. A Scenario of Implementation: Context-Based e-Assistant for Supporting
Cross-Cultural Communication

As an example of implementing our context tree andtext flow architecture we
introduce the Context-based e-Assistant for SupmpiCross-Cultural Communication
(CeACCC) [11]. The core idea of the CeACCC is tpmrt the user/actor in a cross-



cultural situation. The situation can be for exagnalresearch or business meeting or
travelling. An input to CeACCC is context i.e. sition. An output from the CeACCC
system for the user/actor is how to interpret @gigontext and behave in it. One of the
essential design principles in our CeACCC is tiroatext. The user might not always
have time to go through all the available inforratin detail. The application must be
able to provide the information in a suitably deggilevel, according to the user’s
needs, either in greater detail (if time) or mavenpactly (if not).

Let’s study an example where the user is in Japathe first time and is trying to
travel from Tsukuba to Shonandai by train during ttush hour. He/she needs
information on the train routes and fares, as wsllinformation on how to behave
correctly in stations and trains. The user can thgefree browsing feature to get
information on various situations and get informaton timetables, ticket prices etc.
However, it may be tedious to search all the infation items individually.

The user could instead try to find the situatiora\elling from Tsukuba to
Shonandai) listed in guided tours and thus gaithallrelated information more easily.
If the situation is not listed in the guided toutse user can find information by using
the search methods. The situation can be insentethiural language, for example:
“travelling from Tsukuba to Shonandai during rusir”’o Also the map based search
can be used. The user can first select a Tokyddistain map, select the stations and
receive all the necessary information. The useridicate two (or more) points in the
map along with some additional preferences, like shortest, quickest or cheapest
route.

In the CeACCC, we also sketch a new informatiorrcdeaoncept, a situation
recognition functionality that analyses a user gipéctorial file (an image, an icon, a
sign or a symbol) of the situation (Figure 4). Axample of a situation recognition
mode is described as follows:

CROSS-CULTURAL SITUATION: A train station in Japaan unknown symbol for
the actor (nationality - for example Finnish, fitishe in Japan).

ACTIVITY: When encountering an unknown sign or syhin the train station, the
actor can take a picture of it with her/his moldevice, and use CeACCC's image
recognition feature to help interpret the signyonbol.

SERVICE: The actor submits the image by her/his ileotlevice to the CeACCC
pictorial database. The actor can also give additiinformation in order to help the
interpretation of the content of the image. Theitwithl information can consist of
instructions to focus on certain part of the imagef instructions to omit something
from the image. The image service sends the pittu@eACCC's pictorial database.

FUNCTION: A pictorial recognition service inden&f the symbol and associated
description of its meaning.

SERVICE: The image service sends the symbol dagmi@nd action guidelines for
the actor.

ACTIVITY: The actor knows how to interpret the syattand how to behave in the
situation at hand (= context).
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Figure 4. Situation recognition mode. Symbols on the rigdutd side are examples of pictorial files that the
actor could submit to CeACCC's pictorial databaserécognition.

4. Conclusions and Future Resear ch

In our paper we discussed context as a key to t&itusspecific computing. We
summarized the most relevant context definitionsl amodels from the computer
science point of view. The concept of context i atmatter of discussion in many
scientific forums, although during the past decastegeral different definitions have
been proposed. While early models mainly addregisednodelling of context with
respect to one application or an application clgssgric context models are of interest
since many applications can benefit from these. Wiandels also limits only on the
physical environment, i.e. location.

In our research, context is defined as situationsatr’s hand. The focus in our
study is on modelling cross-cultural communicat@amtexts, i.e. situations at user’'s
hand in cross-cultural environments. These enviemts)can be physical, virtual or
hybrid. Cross-cultural communication environmentiser/actor — situation is the key
triplet in our context research. We have introduoed cross-cultural communication
context tree and context flow architecture, andegample of initial implementation.
Future work involves further development of the @&2C system, and formalization
of the context tree. The image recognition funaidy should be implemented on a
mobile device and used in actual environment.

Our next implementation scenario to be embedden aoir CeACCC system is
Icon-based Language for Cross-Cultural Communioatioons are small-sized and
isolated signs. Being embedded for example in mapsas typically indicate points of
interest or other discrete object classes. In aidito map icons, icons are familiar
from emergency situations, airport signs, hotebinfation booklets and computer
system icons. Traffic signs can also be regardeal @dlection of icons. In our system
icons can have three functions. They could be @se(ll) symbols for cross-cultural
knowledge categorization, (2) keys for informaticirieval and knowledge mining,
and (3) provide us with a culture and language déget way to communicate, i.e.
universal communication language [13].

An example of the cross-cultural icon design isegivn Figure 5. In our example
the cross-cultural context is season, and its suitest is spring. The Cross-Cultural



Spring Icon has a Finnish area and a Japanesevhaiela both include symbols that are
strongly related to spring in each country. Thenid@s both horizontal and vertical
dimensions for information browsing and deeper Kedge mining in the Web [2, 21,
33]. The concept of visual vocabulary that anyamenfany culture, any country, and
in any context of life can understand is a vergiiesting research challenge.

Culture 1: Culture 2:
Horizontal Horizontal
Krnowledge Knowledge

Cross-Cultural Area: Vertical
Functions for Knowledge Mining
and Link-Free Browsing

Figure5. An example of a cross-cultural icon design
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