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Preface

The 4™ international workshop on Culturally Aware Tutoring Systems (CATS2013) is
a follow-up to the three previously successful CATS workshop editions, organized in
conjunction with 1TS2008, AIED2009, and ITS2010. It discusses the place of culture in
AIED research. Considering culture in this field is important because it is known to
have a strong impact on many cognitive and affective processes including those related
to learning. Furthermore, people with different cultural backgrounds develop
alternative interpretations and strategies and do not similarly appraise their
environment, which naturally reflects in their interactions with AIED systems.

For the 2013 edition of the CATS workshop, it was decided to put a particular
emphasis on addressing the following topics: i) designing AIED systems to teach
cultural knowledge and intercultural skills, ii) enculturating AIED systems (i.e.,
developing AIED mechanisms that incorporate cultural features), and iii) considering
cultural biases/imbalances in the AIED research production, and ways to deal with
them.

The scientific quality of CATS2013 was ensured by an interdisciplinary program
committee of 21 members representing 11 different countries and 4 continents. A total
of five papers were accepted for presentation, and the workshop also includes an
interactive panel discussion whose topic is: “AIED in non-western environments:
Challenges and Opportunities”.

We are most grateful to the many individuals who have made this half-day workshop
possible. We thank the Program Committees of the International Conference on
Acrtificial Intelligence in Education, especially workshop chairs Erin Walker and Chee
Kit Looi for their help in the planning of this workshop. We wholeheartedly thank the
members of the CATS 2013 Program Committee for having dedicated time to evaluate
workshop submissions within a limited time frame.

Welcome to the 4™ International Workshop on Culturally-Aware Tutoring Systems.

July, 2013
Emmanuel G. Blanchard and Isabela Gasparini.
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Abstract. This paper argues that there is a need for integrating cultural consid-
erations into AIED systems in order to enhance interactions between systems
and learners. The development of a conceptual model of intercultural communi-
cation, the challenges encountered and the major achievements are described.

Keywords: Tutoring systems, intercultural communication, conceptual model.

1 Introduction

There is a large body of evidence which shows that the way people interpret and
react to their environment significantly differs from one culture to another [1, 2].
When considering the wide range of human activities and situations influenced by
culture, it is surprising to note that human-related technologies have only recently
started to account for culture; and the domain of Artificial Intelligence in Education
(AIED) is no exception. Indeed, AIED systems tend to focus on questions identified
in Western contexts, resulting in design and solutions essentially inspired by Western
authors, tested and validated essentially on Western samples [3].

This cultural imbalance in AIED research production, put together with well-
documented cultural variations in situational understanding, interactions, and com-
munication practices [1, 2, 4-12] bring forth the importance of considering cultural
variations in AIED research. Specifically, we argue that two additional areas of re-
search should become priorities for the AIED community:

- Investigating the applicative boundaries of previous AIED findings, assessing
their universality or cultural specificity; and, possibly, initiating specific inter-
national collaborations and reflections on the most appropriate approaches to
achieve these objectives.
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- Developing innovative mechanisms to create more truly Culturally-Aware Tu-
toring Systems capable of manifesting cultural intelligence [4] in their inner
mechanisms and interactions with learners.

Following initial developments (see [13] for an overview), one important emerging
question facing the AIED community is how to enhance interaction between AIED
systems and learners by integrating cultural considerations? By presenting a theory-
grounded conceptual model of intercultural communication, with a particular focus on
its nonverbal component, we contribute to this overarching research question and
towards bridging the culture divide in the extant AIED research. Our model provides
an ecology of notions as generic guidelines and structures that, we believe, can under-
pin AIED-related developments such as a) innovative designs for embodied pedagog-
ical agents to allow learners to adopt a culturally-inspired and informed non-verbal
communication style (see [14] for an example of enculturated agents), b) the devel-
opment of automatic observation mechanisms to more appropriately interpret learn-
ers’ body language, or c¢) the development of educational data mining techniques to
analyze the resulting data. The research was undertaken as part of the INREAL pro-
ject developing a lightweight ontology to be used for semantic tagging of culturally
rich social-web content [15].

This paper is organized as follows. Next, we introduce challenges in undertaking
cultural research and strategies to mitigate the associated risks. We then describe the
methodology followed to produce a conceptual model for cultural variations in inter-
personal encounters. Following an iterative ontology development methodology, the
conceptual model progressively evolved to include more and more ‘heavyweight
ontology’-inspired development practices. The resulting conceptual model is then
presented and discussed. The paper closes with limitations and concluding remarks.

2 Challenges and Mitigation Strategies in Cultural Research

Many specific challenges are faced when addressing the cultural domain in a scien-
tific manner. Firstly, while culture is a common topic of discussion in everyday life it
remains ill-defined. And people, including scholars, not literate in this field often tend
to adopt folk conceptualizations without even noticing it. The existence of a large
body of cultural theories and frameworks tailored to specific tools and practices and
focused on different aspects, also contributes to the difficulty in developing a clear
and coherent scientific approach to this domain. The daily manipulation of cultural
knowledge is also essentially implicit, i.e. most of the time people are unaware that
they are culturally acting or interpreting and, when they are, it can be particularly
difficult for them to thoroughly describe the situation with folk language only. It is
thus extremely important for a project to have scientifically-acknowledged ground-
ings that should, if possible, reflect different theoretical perspectives in order to obtain
the broadest possible view about a cultural research question.

The research presented here has considered several cultural theories and frame-
works. The essential ones are listed in Table 1. Some of them further propose strate-



gies to address the risk of relying on cultural stereotypes, another central challenge in
cultural research.

Secondly, and as previously mentioned, people are frequently unaware that they
are culturally interpreting information and such an ‘unconscious’ bias does not spare
well-informed cultural researchers. Besides adopting a very cautious way of thinking,
a possible solution for (at least partially) limiting this effect is to enforce collabora-
tions between people with very different profiles that are then able to nurture the re-
flection process with enculturated experiences. This eventually results in the identifi-
cation of way more cultural specificities.

Table 1. References and brief descriptions for theoretical groundings of the current project.

Main references Theory, framework, or study aspect

Memetic Theory [16] A theory that suggests that cultural evolution shares similarities with
genetic evolution. It is centered around the notion of ‘meme’ as basic
cultural units i.e. the cultural counterpart to ‘gene’.

Dual Inheritance Theory. See  |A prominent contemporary approach to culture in evolutionary anthro-
[17] for an overview. pology.

Sperber’s Epidemiology of Another influential theory in evolutionary anthropology that does not

Representation [5] imply the notion of cultural replicators.

Distribution of cultural concep- |A psychology-based discussion on the notion of cultural conceptualiza-

tualizations [18] tions, and on their distributions within cultural groups.

Culture and Cognition [6] A psychology-based overview of cultural influences on cognitive proc-
esses

System of Values of Hofstede |Originally developed in the field of business/leadership, it remains the
[7]. See [8] for a 25 year review |most commonly used framework in attempts to integrate cultural consid-
of related studies. erations in technology.

GLOBE system of values [9] A system of values including both group and individual analyses. The
main challenger of Hofstede’s approach in business and leadership.

Schwartz Value Inventory [10] |Another system of values.

Cultural Intelligence [4] Construct proposed in business/leadership to express, assess and improve
behavioural, cognitive and affective intercultural skills

Cultural framework of Alwood |A cultural framework that includes, but is not limited to, considerations

[19] for intercultural communication.

Framework for intercultural An approach for intercultural training that proposes a developmental
training of Bennett [20] model of intercultural sensitivity.

Research on specific cultural Research on cultural variations related particularly to emotion, facial
variations (e.g. [11]) expressions, and nonverbal behaviour.

Cultural Framework of Hall [12]|A cultural framework that suggests that space, context and time are
essential dimensions to understand how people behave, communicate
and impact on their living environment.

Politeness Theory [21] A theory that suggests that there are universalisms in ways of ensuring
politeness in interpersonal communication.

The research team of the work presented is multicultural (Australian, French and
Bulgarian nationals, with additional life experiences in the UK, Greece, Canada, Na-
mibia, Japan, Denmark, and Germany) and benefits from discussions with collabora-
tors from India and Germany. It also has a multidisciplinary expertise (computer sci-
ence and social-science with advanced theoretical knowledge in educational and cog-



nitive psychology, anthropology, and communication), and includes experts in both
‘lightweight” and ‘heavyweight’ ontology engineering [22].

3 A Hybrid Development Method

This heterogeneous expertise in ontology engineering is actually an interesting il-
lustration of the needs for a conceptual framework on intercultural communication.
Cultures are not always country-related, and can emerge in any communities, includ-
ing scientific ones. For example, it can be said that members of the AIED community
do share a mutual culture. Yet within this community, there are conceptualizations
mainly shared by psychologists that are not necessarily adopted by computer scien-
tists, and conversely. Similarly, people working on lightweight and heavyweight on-
tologies aim at producing an artefact they all refer to as ‘ontology’. Yet the meaning
they give to this term drastically differs, which leads to strong variations in typical
development procedures. According to prominent ontologists [22, 23], while light-
weight ontologists follow operational approaches to find a solution to a problem
known a priori, heavyweight ontologists follow approaches similar to philosophy in
an attempt to capture the true essence of a domain before even considering issues they
could address with the resulting conceptualization.

Since this project collaboration was initiated by lightweight ontologists, the team
first adopted a lightweight ontology development approach. However, with internal
assessments identifying more and more complex conceptual issues, heavyweight on-
tology practices were incorporated progressively. This resulted in a hybrid artefact
that cannot be fully considered as an ontology since it lacks significant details, which
is why we refer to it as a ‘conceptual model’. It appears as more formal than average
lightweight productions without fully matching heavyweight ontology requirements.

The complexity brought with the inclusion of more heavyweight practices also led
to more strictly characterize the conceptualization focus. Rather than tackling inter-
cultural communication at large, it appeared more realistic to first concentrate essen-
tially on its nonverbal component. Yet, basic conceptual structures have been identi-
fied to support future work in addressing intercultural verbal communication (e.g.
cultural scripts. See [24]). The next sections describe the steps followed.

Step 1. Adopting a glossary-centered approach. Developing a knowledge glos-
sary (KG) (or glossary of terms) consisting in a list of widely accepted terminologies
and their definitions along with supporting references is a common practice to provide
theoretical grounding to lightweight ontologies [25]. This quickly appeared to be a
problematic approach for modelling the intercultural communication domain because
of its multidisciplinary nature. Several issues were observed such as ‘cultural disci-
pline” communities relying on constructs with no counterparts in other communities,
or terms being used in several disciplines but with different meanings associated to
them. Furthermore, a large number of term candidates were identified, which made
the task of obtaining a coherent KG difficult because of cognitive overload aspects.

Step 2. Eliciting term interdependencies and providing a graphical represen-
tation. The first revision focused on structuring elicited terms rather than just listing



labels and their definitions. Furthermore, this structuring was made graphical through
the use of a concept map program, i.e. labels of selected notions were organized as a
taxonomy-like tree while definitions and references for each of these labels (i.e. the
KG) remained stored in a separate table. This provision of a graphical and structured
overview of the KG facilitated the process, and further helped to reduce the list of
term candidates by facilitating the identification of different terms labelling the same
notion. Yet the structure remained was not optimal. More precisely, term categories
were clearly emerging but no widely accepted labels existed for them.

Step 3. Enhancing the structure with the inclusion of abstract notions. The
next methodological revision consisted in creating abstract categories to optimize the
structure obtained in Step 2. Definitions for these categories had to be created since
they did not exist in any specific cultural disciplines, but rather emerged from various
perspectives analyzed altogether. None of these categories could thus be associated to
an exact reference but rather to a body of supporting references. The resulting graphi-
cally-supported structure of labels and its associated KG then began to look satisfy-
ing. However, we wanted to expose our conceptualization to more cultural perspec-
tives in order to better address threats of unconscious biases in cultural interpretations
and the corollary risks of oversimplifying the problem.

Step 4. Iteratively validating and revising the model with competency ques-
tions (CQ). The use of CQs is an approach proposed to test that a model correctly
covers its domain [25]. Briefly summarised, CQs are questions related to the domain
such as “are women and men normally allowed to make casual contact, e.g., shaking
hands?”. CQs were collected from external experts and provided a vehicle to assess
whether the model integrated appropriate notions to address them. We contacted peo-
ple with expertise on culture-related topics (2 from the US, 2 from Germany, 1 from
the Netherlands, 1 from Brazil, and 1 from the Philippines) and collected a total of 95
CQs, which were then used to assess the coverage of the nonverbal intercultural
communication by our conceptual model. Due to space constraints, we cannot fully
describe the systematic procedure followed. Each step was performed separately by
two experts, followed by an in depth discussion to address identified limitations.
Many CQs went beyond the nonverbal component of intercultural communication,
with the resulting conceptual model being able to address them as well.

CQs were applied in an iterative manner. We divided them randomly into 3 sets of
questions. The 1% set was used to analyze the model we had obtained after Step3,
which led to significant updates. The new model was then tested with the 2" set and a
limited number of additional conceptual updates were adopted in a second revision.
The 3 set was eventually applied with no significant conceptual changes, which we
interpreted as a sign that our model had achieved a proper level of stability and do-
main coverage. We argue that this approach is adequate when conceptualizing a cul-
tural problem since it is not possible to find a source that concentrates the whole cul-
tural wisdom and production of Mankind. In other words, there may always be a cul-
tural group with specific and unforeseen interpretations for specific behavioral primi-
tives. However, because of the stability we achieved, we hypothesize that future up-
dates would remain light and expect that our model is dynamic enough to easily ac-
commodate such limited evolutions.



This is indeed another important improvement resulting from CQ-based assess-
ments. We identified that several notions in our model rely on complex combinations
of contextual dimensions. Rather than attempting to list all possible combination in-
stances (which we are confident is an impossible task), we have revised our model to
include an easy mechanism for including new context ‘descriptors’ when needed.
This is one of the elements we discuss in the next section on the resulting production.

4 Resulting Conceptual Model

Figure 1 presents a simplified overview of the resulting conceptual model with the
main concepts being introduced in the following lines.

Firstly, culture is seen as a cognitive phenomenon that emerges at group level [17]
(see [3]). The main support for its exclusively cognitive nature is that cultures evolve
through social learning processes [5, 17]. Cultural artifacts and behaviors are thus not
directly transmitted. Rather, it is the way to design/construct/perform/etc. them that is
socially shared (see the notion of cultural script below). Several cognitive constructs
emerge in our conceptual model (see Table 3) with the most important ones for non-
verbal intercultural communication being:

- cultural norms as "a kind of grammar of social interactions. Like a grammar,

a system of norms specifies what is acceptable and what is not in a society or
group. And analogously to a grammar, it not the product of human design and
planning" [26];

- cultural scripts as prototypical procedures to be performed in a specific con-
text and for a specific purpose. They are scripts as defined by [27]. The “cul-
tural script” concept was first introduced in linguistics [24] and social sciences
[28] and is being expanded as part of the More Advanced Upper Ontology of
Culture (MAUOQC) project to address the non-universal nature of many cogni-
tive scripts ([29]; see [30] for an outdated version; see also [31]);

- stereotypes as belief structures that influence the processing of information
about stereotyped groups and their members [32]. They are “sustained by se-
lective perception and selective forgetting" [33 p.196], and are "socially-
supported, continually revived and hammered in, by our media of mass com-
munication” [33 p.200].

As a follow up, it is important to clarify when intercultural communication practic-
es, languages, and act are cultural and when they are not. This is achieved by as-
sessing their innateness: if they are innate to human being (i.e. not acquired through
social learning processes), then they are not cultural elements, which led us to identify
behavioral primitives (gesture, posture, eye gaze, facial expression) as non-cultural
because a new born baby could actually perform such things. However, what a baby
cannot do is to perform these actions while associating a socially-learnt meaning to
them. Such an association of behavioral primitives and socially learnt meanings are
cultural and we refer to them as Cultural Body Language Act (CBLA see Table 2).

Another aspect of our conceptual model refers to the notion of context. Indeed
several meanings can be associated to a behavioral primitive. Knowing which one
applies in a specific situation depends on the ability to correctly identify contextual
dimensions. Similarly, several cultural norms may be regulating nonverbal communi-



cation at a certain time, and are tightly depending on the context of occurrence. There
are countless different contextual situations worldwide and it would be impossible to
come to an exhaustive listing. We have thus defined descriptors as lightweight con-
structs to facilitate contextual descriptions (for a more heavyweight approach to con-
text, see [30]). Descriptors are terms referring to qualities, properties, conditions,
functions, or situations to characterize a contextual dimension. Several descriptors can
be used to characterize a context. Example of descriptors can be “politeness’, “gift’,
‘privacy’, etc. virtually any terms that users may want to use as characterizations. Of
course, a controlled vocabulary of descriptors would be better and, following CQs
analyses, we already suggest several abstract descriptor categories (see Figure 1).

Finally, several additional notions specific to nonverbal intercultural communica-
tion have been defined in the KG with the main ones being listed in Table 2.

Table 2. Limited list of of definitions for nonverbal communication notions

Basic cultural units of information. Initially popularized under the ‘meme’ terminolo-
gy from Memetic Theory [16]. Alternatives less supportive of the genetic-to-culture
analogy have also been proposed in modern evolutionary anthropology theories like
the Dual Inheritance Theory [17] and the Epidemiology of Representation [5].

Cultural elements

Communication system shared by a cultural group and acquired by its members
through social learning processes (not innate [17]) which do not make use of oral
language (e.g. [11]).

Cultural non-verbal
communication

Behavioral primitives (gesture, posture, gaze or facial expression) or sequences of
them associated with meanings, this association resulting from a sociocultural (not
innate) learning process.

Gestures associated with meanings. May be used to enrich, clarify or elaborate our
descriptions [34, 35].

Cultural body lan-  |Postures associated with meanings. A form of kinetic behavior, revealing important
guage act (CBLA) |information on nonverbal communication and emotions.

Facial expressions associated with meanings. May be used to display affective states,
which can repeat, augment, contradict, or be unrelated to verbal statements. Affect
displays can be intentional or unintentional. Through facial expressions we can com-
municate our personality, open/close channels of communication, complement/qualify
other nonverbal behavior, and communicate emotional states [2, 36].

Definitions of these abstract body language constructs focus either on the effect to be
CBLA - abstract achieved, the functional objective, or features specific to instances of these abstract
categories (see definitions of regulators, illustrators, adaptors, and emblems below).

Maintain and regulate the back and forth nature of speaking and listening between two
Regulators or more interactants. They are gesture movements that attempt to regulate a conversa-
tion: to shut someone up, bring others in, encourage them to continue etc [37, 38].

Intimately linked to spoken discourse - actions accompanying speech such as finger

lllustrators pointing and raised eyebrows. They accompany and may amplify speech.[36, 38].

Generally unconscious behavioral adaptations in response to certain situations. Ac-

Adaptors tions used to act on objects or self-manipulative actions such as lip biting [36, 37].

Have a specific verbal translation known by most members of the communicating
Emblems group. Usually the direct verbal translation consists of a word or two or phrase. Used
often deliberately with the conscious intent to spread a message [34-36, 38, 39].

Clear and precise usage of specific (sequences of) behavioral primitives to convey a
CBLA- concrete meaning in more or less specific contexts (e.g. agreement with head nodding, greeting
act with handshake).

Cultural body

Language A system of CBLAs internalized by members of a specific cultural group.
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5 Conclusion

We described the development of a conceptual model of intercultural communica-
tion in the context of addressing a cultural imbalance in the existent AIED research.
The work presented is a step towards answering overarching research questions con-
cerning how to enhance interactions between AIED systems and learners by integrat-
ing cultural considerations. As with all research that focuses on culture, some qualifi-
cations are in order. Whilst our research team encompasses a wide range of cultural
backgrounds, we do not claim we account for every cultural perspective. The CQs
captured the perspectives of 6 domain experts, producing 95 questions. Within the
boundaries of our research we maintain that this was sufficient, however future re-
search may build on this by including a broader perspective and greater volume. We
have encoded the conceptual model in a lightweight ontology whose applicability for
annotating user-generated content to capture cultural variations in nonverbal commu-
nication is currently evaluated. The conceptual model will also inspire heavyweight
ontology developments in the context of the MAUOC project [29, 30].
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Abstract. This paper presents the results of a in-depth study to investigate if
Brazilian HCI (Human Computer Interaction) community is addressing cultural
issues. In this paper, the results emerge from a study of fifteen years paper
production in Brazilian HCI conference. After this first analysis, this work
explored each Brazilian’ researcher curriculum from the previous result, aiming
to understand how research field is evolving.
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1 Introduction

Brazil is a country with 8,514,876 km2, it is the largest country in both South Ameri-
ca and the Latin America region and the world's fifth largest country, both by geo-
graphical area and by population, with over 193 million people. Brazil is 58th in the
economic competitiveness ranking published by the World Economic Forum in Sep-
tember of 2010, which analyzed 139 countries [1]. Brazilian culture is a very exten-
sive subject, including stories, legends, dances, superstitions and religious rituals,
either brought to the land by the Europeans, Africans and Asians or already present in
its native cultures. All of these manifestations are quite peculiar to each culture and
distinct in each region of Brazil. Brazil is a multicultural and multiethnic society.
Because of the Portuguese colonization, Portuguese is the official language and is
spoken in the whole country; however, Brazilian culture has been influenced by many
cultures, due to immigration throughout our history [2].

Human-computer interaction (HCI) is an area of research and practice that
emerged in the early 1980s, as a specialty area in computer science embracing cogni-
tive science and human factors engineering [3]. The initial research in the HCI field
was motivated by the increase of personal computing that became manifest at an op-
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portune time — personal computers were being used by end users who were not ex-
perts in computer science or engineering. As HCI developed, it moved beyond the
desktop perspective. First, because of the growing influence of the Internet on compu-
ting and on society, and secondly, because HCI moved beyond the desktop through
the continual, and occasionally explosive diversification in the ecology of computing
devices. Nowadays, interactive systems can be anywhere and anytime. Therefore,
today it is important to know how to deal with cultural issues, especially when devel-
oping or evaluating wide-access applications and interactive systems. Interactive sys-
tems for the Web need to provide support for an ever increasing amount of material
and make it available for local-language populations across the world. One of the
main challenges for designers is to build/evaluate system that aim explicitly at ac-
knowledging the diversity of their users’ cultural background and attending to a wider
variety of needs and expectations [4]. Consequently, the introduction of the culture
concept in interactive systems and interaction design is becoming a necessity, a chal-
lenge, and a timely and relevant issue [5]. Indeed, in attempting to disentangle this
diversity, culture has received increasing attention in International Human Computer
Interaction (HCI) community, e.g. in learning contexts [6] and [7]; in internationaliza-
tion/globalization aspects [8], [9], [10] and [11]; in an adaptive user perspective [12];
in an usability evaluation [13]; in a Web Science Perspective [14]; in the software
engineering [18]; and in HCI design [25]. For the last years, the research and litera-
ture accounting for cultural contexts in human-computer interaction design has quick-
ly grown [25].

Nevertheless, until today, there is no analysis of how cultural issues have been ad-
dressed in Brazilian HCI community, neither how HCI community in Brazil has been
working towards consolidating its cultural aspects in interactive systems. This paper
presents an analysis of fifteen years of Brazilian Symposium on Human Factors in
Computer Systems (IHC), to identify researchers who treat cultural issues as a core
activity in their research. To do this, the conference between the years 1998 to 2012
was analyzed. After these results, we perform a qualitative analysis on each research-
er who deals with cultural aspects to verify ongoing topic in Brazil.

This paper is structured as follows. Section 2 shows the related work. Section 3 de-
scribes our methodology of this work and Section 4 presents the results of cultural
issues in Brazilian researches. Finally, section 5 presents the considerations of this
analysis.

2 Related Work

One of the most accepted definition of culture is “the collective programming of the
mind that distinguishes the members of one group or category of people from others”
[26] and is usually defined in Human Computer Interaction as the common values,
attitudes and behavioral patterns shared by a group of people [27]. Cultural awareness
involves becoming aware of cultural values, beliefs and perceptions. It’s become cen-
tral when we have to interact with people from other cultures. Blanchard et al [28]
refer culturally-aware system to ‘any system where culture-related information has
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had some impact on its design, runtime or internal processes, structures, and/or objec-
tives’. The quality of user experience is intricately related to the users’ cultural char-
acteristics [15]. Cultural characteristics have been found to be an important issue be-
cause a user’s cultural profile shapes his/her perception of a system features, e.g., a
given culture profile will cause a user to focus on a set of information and ignore
others, thus, system features appropriated for one culture may not be suitable for oth-
ers; and system design needs to be adapted for different culture as well [15].

Considering culture in HCI interaction is becoming a necessity, a challenge, and a
timely and relevant issue, as we can see the inclusion of this topic in different HCI
conferences (e.g. the 14th International Conference on Human-Computer Interaction,
that in 2011 had a tutorial about Cross-Cultural HCI [16], the 20™ conference on User
Modeling, Adaptation, and Personalization — UMAP that in 2009 selects as a best
paper award a paper about adapting interfaces to Cultural Preferences [17], or the
14th IFIP TC13 Conference on Human-Computer Interaction - Interact 2013, that has
the theme of the conference, “Designing for Diversity”, which recognizes the inter-
disciplinary, multidisciplinary and intercultural spirit of human-computer interaction
research). Cultural diversity is a hot topic to HCI today and many works have applied
cultural dimension to interaction design, variations of dialog and presentation design,
evaluation of user behavior, etc. [19], [20], [21], [22].

Regarding related works which aims to analyze data from conference papers, a pa-
per stands out. Henry et al. [23] brings a general analysis of HCI conferences all over
the world where he shows several graphic data, making possible a wide vision about
how authors have behaved during years of work in that field of knowledge of com-
puter science. Henry et al. [23] opens many possibilities of analysis which can show
important information about how have being directed the researches all over the
globe. They showed a visual exploration of the field of HCI through the author and
article metadata of four of its major conferences: the ACM conferences on Computer-
Human Interaction (CHI), User Interface Software and Technology, and Advanced
Visual Interfaces and the IEEE Symposium on Information Visualization, and then
they described many global and local patterns they had discovered in this data set,
together with the exploration process that produced them.

Blanchard [6] analyzes potential cultural biases in paper production in Intelligent
Tutoring Systems (ITS) and Artificial Intelligence in Education (AIED) conferences.
The paper attempts to make the community aware of an identified and quantified
WEIRD (Western, Educated, Industrialized, Rich, and Democratic societies) bias in
psychology research that is likely to have an indirect impact on the AIED research
field. A ten year analysis of full conference papers production reveals similar WEIRD
imbalances in the AIED research field, which suggests that it may be producing
WEIRD-flavored research as well [6].

Following the authors idea, this paper presents an in-depth study to investigate if
Brazilian HCI community is addressing cultural issues in their researches. In this
paper, the results emerge from Brazilian Symposium on Human Factors in Computing
Systems (IHC) and the exploration of each Brazilian’ researcher curriculum from the
previous result, aiming to understand how research field is evolving. The next section
will present the methodology of the analysis.
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3 Methodology

This work focuses in the analysis of fifteen years of Brazilian Symposium on Human
Factors in Computing Systems (IHC). To begin the review, all the data was reunited
from all conferences editions and started a filtering of information. First decision was
to investigate only full papers. Some editions (206-2012) were available in ACM
Digital Library, but we also had access to the Proceedings of all conference editions,
getting access to all papers. Then, we open each full paper, and put its information in
a dataset (i.e., year, title, language, authors, institution, country, keywords, abstract,
ACM keywords, ACM category, general terms, and references).

Also in parallel we inspected all 236 full papers, observing for each paper: the title,
abstract, keywords and introduction, aiming identify the main subject of the work and
if it treated cultural issues. Each paper identified as focusing with cultural issues, a
fully reading was applied. Table 1 presents the number of papers investigated from
each year. It is important to explain that the period from 2002 to 2010 the conference
was biannual. In 2010 the community voted to return the annual conference. This year
the Brazilian Symposium on Human Factors in Computing System will be placed at
Manaus- the capital state of Amazonas — in the North of Brazil, because the commu-
nity agrees that Brazil have diverse cultural components, and each region has its pecu-
liarities, so the conference must be placed each year in a different region of Brazil.
Since the others regions have already supported the conference (i.e. Northeast, Cen-
tral-West, Southeast and South), the only region not yet covered was the North re-
gion.

Table 1. Number of full paper for each year of HCI conference

Conference year | Place of the Conference (city and Number of full paper
state in Brazil)

1998 Maringa — Parana 15
1999 Campinas — S&o Paulo 13
2000 Gramado — Rio Grande do Sul 16
2001 Floriandpolis — Santa Catarina 22
2002 Fortaleza — Ceara 29
2004 Curitiba — Parana 15
2006 Natal — Rio Grande do Norte 20
2008 Porto Alegre — Rio Grande do Sul 25
2010 Belo Horizonte — Minas Gerais 19
2011 Porto de Galinhas — Pernambuco 32
2012 Cuiaba — Mato Grosso 30
Total 236

The articles were read individually, aiming searching for terms and themes that fits
the specifications, i.e., culturally related aspects. After that, we also did diverse que-
ries in the dataset, aiming to confirm previous results with human inspection.
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After this data stratification, we identified only six papers (related to sixteen re-
searchers) of the conference treat directly cultural issues in their research. Therefore,
we did an explorative search for the research of each researcher who published one of
these papers. All these sixteen researchers who published cultural aspects in the con-
ference work at Brazilian’s institutes, so, as all of them must have an update curricu-
lum vitae in the Lattes Platform provided by the National Council for Scientific and
Technological Development (CNPq") [24], the analysis of each curriculum was facili-
tated.

The understanding and analysis of this amount of data is not the core business, and
this paper just initiates what seems to be an important issue of analysis at HCI field
studies. Section 4 presents the results found.

4 Results

We analyzed 236 full papers of all Brazilian Symposium on Human Factors in Com-
puting System editions. From this dataset, we had found a list of only six full papers
that had focused on cultural related aspects as the core business of the paper. There
were found other papers which have some relation to cultural aspects (e.g. accessibil-
ity, design for different types of users, etc.), but the cultural aspects were not treat or
even cited in them. Table 2 presents the result of this analysis.

Table 2. Results of cultural aspects from the Brazilian Symposium on Human Factors in
Computing System

Year of the Number of Cultural subject of the paper

conference author

2000 3 Cultural and Psychological effects of Colors

2001 2 Methods for the study of signs perception
for subjects in different cultural environment

2008 4 Cultural sensitive web-based learning material

2011 1 Cultural aspects to dealing with death issues and
afterlife digital legacy

2011 3 Cultural-aware issues in HCI

2011 3 Cross-cultural systems and cultural Metaphors

From this small list of papers, we found sixteen researchers that deals with culture
as a topic of research and investigation. After that we analyzed all Lattes curriculum
vitae, in order to find out whenever these authors have also been publishing the cul-
tural subject in other conferences or journals. The result of the triangulation analysis
is shown in Figure 1.

1 CNPq is an agency under the Ministry of Science and Technology (MST) which aims to

promote scientific and technological research and also train and qualify researchers in the
country and abroad
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Fig. 1. Cloud tag of related conference where Brazilian researchers have been publishing the

cultural subject.
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Table 3 presents the list of conferences where the researchers published papers
with cultural related issues.

Table 3. Main conferences where Brazilian researchers published papers related to cultural

issues
Acronym Name of the Conference
ACM-SIGDOC | ACM International Conference on Design of Communication
égrﬁ)wlpl)zdt;ng IADIS International Conference Applied Computing
CATS International Workshop on Culturally-Aware Tutoring Systems
CLIHC Latin American Human- Computer Interaction
CSEDU International Conference on Computer Supported Education
e-Society IADIS International Conference e-Society
ED-MEDIA World Confe_renf:e on Educational Multimedia, Hypermedia and
Telecommunications
HCII International Conference on Human-Computing Interaction
IBERAMIA Ibero-American Artificial Intelligence Conference
ICEC International Conference on Entertainment Computing
ICEIS International Conference on Enterprise Information Systems
International conference on Internationalization, design and global
IDGD
development
IEEE-SMC IEEE International Conference on Systems, Man, and Cybernetics
IFIP-HCIS IFIP Human-Computer Interaction Symposium
IFIP-WCCE IFIP World Conference on Computers in Education
INTERACT IFIP TC13 Conference on Human-Computer Interaction
LA-WEB Latin American Web Congress
NAACL-HLT Young Investigators Workshop on Computational Approaches to
Languages of the Americas
SBIE Simpésio Brasileiro de Informatica na Educacéao
SCCC International Conference of the Chilean Computer Science Society
WAIHCWS Workshop sobre Aspectos da Interacdo Humano-Computador na

WWW/Internet

Web Social
IADIS International Conference WWW/Internet
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In addition to the conference papers, some researchers have been publishing cul-
tural aspects in different journals and books chapters. The most relevant are: Interna-
tional Reports on Socio-Informatics, Advances in Human-Computer Interaction and
Human-Computer Interaction Series (Springer).

5 Conclusion

The Brazilian HCI community is very well consolidated in Brazil and is acknowl-
edged both nationally and internationally. Members of the community feel that the
people working in the field and their production have increased in the last few years
[2]. This paper focused on carry out an exploratory search in the Brazilian Symposi-
um on Human Factors in Computing System. From the two hundred thirty-six full
papers study, only six were directly related to the cultural issues. After, we have
summarized these findings and executed a new search toward to discover if the au-
thors of these papers actually have been publishing about this subject in other confer-
ences and journals. The result was positive, since the majority of them still working in
the cultural aspects.

Our objective was not point out who in Brazil is researching about cultural issues
and HCI, nor even show how much Brazilian HCI community is addressing cultural
aspects (if this answer is possible or desirable) but to discuss how cultural issues can
be addressed in HCI field. Indeed, the success of the growth of cultural issues in HCI
research is exactly take advantage of workshops and conferences where the theme can
be discussed.

HCI (as a community and as a research area) need more investigation towards this
agreement. Many open issues emerge when we discuss culture in interaction design,
and HCI, including:

. What exactly is culture? How we can represent it and use it appropriately in
the interaction design?

. How do you obtain relevant cultural information about a specific community
(country or region or even a corporation) and how do you determine each is relevant?

. How do you generate design ideas from this cultural information?

. How important is culture among all other aspects being considered in an in-
teraction design?

. How Brazilian HCI community can address cultural issues in its research?

This paper obviously has not an answer to these questions, it just tries to provide
some directions of how culture aspects still an open issue. Therefore, it is yet a limited
excursion into a territory which includes many other possible perspectives and paths
to explore.
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Abstract. Contextual student modeling, also called cultural profiling or cultural
modeling, refers to the process of building a computational representation of
the cultural identity and background of a student. Previous works have been
done that identify and use certain environmental dimensions for such a model.
In this paper, a new approach is proposed that uses additional dimensions, and
incorporates combinations of dimension clusters to represent and quantify a
student’s expression of socio-cultural group traits and preferences. The viability
of this approach is demonstrated through the use of a prototype that collects
dimension data and generates estimates of a student’s association with particu-
lar socio-cultural groups in five categories. An evaluation of the prototype re-
vealed that estimates were rated as reasonable and acceptable by students and
confirms that the approach extends current efforts in the field of culturally-
aware tutoring systems for modeling student’s cultural context.

Keywords: contextual student model, cultural element, dimensions

1. Introduction

Contextual student modeling, also called cultural profiling or cultural modeling, re-
fers to the process of building a computational representation of the cultural identity
and background of a student. This identity is shaped by many dimensions that origi-
nate from an individual level such as personal demographics and from a group level
such as religious or ethnic influences. The first challenge that arises in contextual
student modeling is identifying which dimensions should be modeled, and determining
to what extent a dimension affects a student’s personality, preferences, and opinions.
The second challenge that arises is whether combinations of these dimensions can be
worked out such that a student’s expression of particular traits and values, shared by a
cultural group, are represented and measured relative the group’s expression of said
traits and values. The final challenge that arises in contextual student modeling is
evaluating whether a computational model generated for a student is a reasonable and
acceptable representation of the student’s particular cultural identity and background.

This paper tackles all three challenges in a systematic manner by looking at culture
as a form of context. When culture is looked at as context or rather as a focused col-
lection of metadata, these challenges becomes more tractable and the issues that need



21

to be dealt with start to take on a computational form. The environmental context of
an individual is therefore made up of several dimensions of metadata. These contextu-
al dimensions fall into two groups: contextual factors and contextual influences. A
contextual factor is something that brings about a particular effect on an individual
and can be quantified discretely. A contextual influence is something that brings about
a particular effect on an individual but whose exact nature is not readily known and
can take on a range of values.

Several key ideas in this paper are based on the works of Blanchard, Mizoguchi,
and Lajoie [3] who define the concept of cultural elements and cultural groups. A
contextual element is considered to be a type of cultural element. It is an observable
manifestation of culture and can be present in educational content expressed as differ-
ent forms of media (text, pictures, videos, and audio). A contextual group on the other
hand is a collection of individuals sharing similar values for contextual dimensions.
Contextual groups and individuals are related by these contextual dimensions. The
strength of this relationship is determined by the amount of overlap of dimension
context and by the individual’s expression of particular dimensions in the intersection.
These definitions are central to the approach taken in this paper for dealing with the
challenges outlined earlier with the goal of defining a contextual student model.

The paper is organized as follows. Section 2 identifies twenty four dimensions of
context for a contextual student model (CSM) based on related research, and explains
the rationale for the new dimensions identified in this paper that have not been used in
culturally-aware tutoring systems (CATS) research before. Section 3 discusses how
these dimensions were clustered based on relevance to particular contextual groups,
for the purpose of generating estimates of a student’s level of membership to five
contextual groups. Section 4 then describes the ontology-based design of the CSM and
the implementation of a rule-based approach for generating contextual estimates.
Section 5 outlines experiments that were conducted to evaluate the CSM design and
performance together with the results of these experiments. Section 6 gives an analysis
of the results and the paper concludes in Section 7 with the future plans for the CSM.

2. Environmental Context: Factors and Influences

Several dimensions have been recurring in the literature as having an effect on stu-
dents from a cultural perspective. The most common ones include age, gender, nation-
ality, native languages, religion, ethnicity, emotional disposition, and locations of
residence and study [4, 5, 6, 8, 9]. Of these characteristics, some are quantifiable and
can be considered to be contextual factors such as age, gender, nationality, and loca-
tions of residence and study. The remaining traits and qualities such as ethnicity and
religion are less easily quantified and are therefore considered to be contextual influ-
ences. A good rule of thumb for distinguishing between a factor and an influence is
the answer to the following question: For a given characteristic C, how much of a C is
the student in question? If the answer can be within a range of potential values then
that characteristic is most likely an influence otherwise it is a factor.

Twenty four contextual dimensions have been identified for the CSM based on the
works of [1, 5, 9]. The first set of dimensions for the CSM consists of personal fac-
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tors: age, gender, country of birth, the locale! where the student lives, and the schools
where the student has studied at primary, secondary and tertiary level. In order to
model the historical context of a student, the CSM includes three school-related di-
mensions that identify locales which would have shaped a student’s context over the
duration of his/her time in school. The AdaptWeb project [5] uses characteristics
similar to the locales of study but their work manipulates IP addresses to identify only
one current locale of study for the student. The second set of CSM dimensions con-
sists of personal influences: the student’s religion, ethnicity, and native language.
Religion influences have been used in [2], language influences have been used in
ActiveMath [7] and ethnicity influences have been used in embodied conversational
agents [10]. The CSM combines and reasons about the student’s context using all
three influences since the combination changes the individual impact of a particular
influence and can affect the student’s perception, interpretation and magnitude of
response to a particular contextual element.

The third set of CSM dimensions originate from social units surrounding the stu-
dent, in this case the student’s parents. This is based on the work of Reinecke, Reif,
and Bernstein [9] who identified that parents have an impact on users specifically
through their language and nationality. The factors in this set include the parents’
occupations, their occupation locales, and their ancestral home locales. This kind of
context has not yet been used computationally in CATS. The reasons for including
these factors stem from the assumptions that students typically visit their parents’
workplaces, can be influenced educationally by the kinds of occupations that their
parents have, and may frequent the locales where their parents grew up because of
existing familial ties to the areas. This leads to the influences in this set which include
the parents’ religions, ethnicities, native languages, and level of personal influence on
the student. The first three are self-explanatory but the strength of their impact de-
pends on the fourth influence. Blanchard [1] discussed the situation of socio-cultural
groups affecting the receptivity of individuals to particular cultural elements. The
level of personal influence that a parent has on a child affects the child’s involvement,
beliefs, understanding, and behaviour regarding religion, ethnicity and language. This
is therefore an example of socio-cultural group influence at a finer level of granularity
and consequently, these dimensions were included in the CSM in order to separate,
quantify and structure as best as possible the nature and the strength of control that a
parent’s context may have on shaping the student’s context.

3. Contextual Student Model (CSM) Estimates

The dimensions in the CSM fall into five categories that describe particular contex-
tual groups: geographical groups, religious groups, ethnic groups, groups that share
similar education levels, and groups that are familiar with particular physical envi-
ronment settings and terrains. The CSM generates estimates for each group using a

L A locale is considered to be a city, town, village, or hamlet that is officially recognised in a
country.
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combination of multiple dimensions because individual dimensions have been shown
to have limited predictive capabilities when considered in isolation [4].

Geographical estimates are produced using the locale-based dimensions: the locales
of the student’s residence, parents’ ancestral homes, parents’ jobs and the student’s
schools. Two geographical estimates measured as ordinal and cardinal points are pro-
duced for the student: a dominant geographic region and a secondary geographic re-
gion based on which areas of the country his/her activities most frequently take place.
Religious estimates are produced using the religion-based dimensions: the religion of
the student, parents, and schools (if any), and the parents’ level of influence on the
student. Two religious estimates measured as percentages are produced for a student,
a dominant religious influence and a secondary religious influence. The dominant
influence would be derived from the religious group that student belongs to whereas
the secondary influence would be based on the remaining dimensions. A secondary
religious influence does not imply that the student belongs to that religious group but
rather that the student is aware of that religious group and would have a partial mem-
bership because of that awareness. Schools in a country can have either no religious
influence if they are non-religious or can influence student knowledge of the norms
and practices of a particular religious group if the school is denominational.

Ethnicity estimates are produced using the ethnicity-based dimensions: the ethnici-
ty of the student, parents, and the national ethnicity distributions for the student’s
residence locale. The distributions are used to approximate the influence on the stu-
dent of the two largest ethnic groups in his/her locale. Two ethnicity estimates meas-
ured as percentages are produced here as well where the dominant ethnicity influence
corresponds to the student’s ethnicity and the secondary influence would be based on
the parent’s ethnicities and degree of influence that the parents have on the student.
Educational estimates are produced using the schools attended by the student and the
national educational statistics for the student’s residence locale with the possible val-
ues of high, mid-high, mid, mid-low or low. This estimate reflects the level of educa-
tion of the societal unit in the student’s geographical region and does not mean that the
student has a low or high level of education. This estimate allows the CSM to gauge
how familiar a student would be with different levels of language. Low to mid-low
educational estimates imply that more colloquial language would be commonly used
by members of society in that particular area compared to more formal language for
areas with mid-high to high levels. It is of note to mention that the parents’ occupa-
tions are suitable factors for this estimate but were not included at this time.

Terrain or setting estimates are produced using the locales of the student’s resi-
dence, student’s secondary school, parents’ ancestral homes, parents’ jobs, and the
parents’ level of influence on the student. Three terrain/setting estimates are produced
and each estimate may contain one or more categories with percentages of member-
ship. Economic activity context captures whether a student’s locale is influenced by
industrial, residential, commercial, agricultural or sporting activities. Terrain context
captures the type of physical environment the student may be familiar with such as
coastal, desert, grassland, mountainous, forested, tundra or wetland terrains. These are
based on his/her dominant geographic influences in the country. Urban/rural/semi-
rural context deals with the population density of the student’s locale. Together, these
three areas contribute towards the terrain/setting estimates for a student. Overall, the
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five categories of estimates are related to the student’s contextual identity through
specific combinations of contextual dimensions in the CSM and model the degree of a
student’s membership to a particular contextual group.

4. CSM Design and Implementation

The CSM was implemented using Java and JESS (Java Expert System Shell) and
has an ontological design but was implemented using a rule-based approach for proto-
typing. Figure 1 below shows the main concepts and relationships in the CSM.
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Fig.1. Metadata Structure of the Contextual Student Model

All of the concepts are not shown in the diagram due to space constraints. Each of the
twenty four contextual dimensions described in Section 2 are included in the CSM and
are supplemented with statistical data from the target country’s national statistical
office. Data on schools, locales, ethnic groups and their distributions, religious groups
and their distributions, population distribution, economic activities across locales,
terrain and physical data for locales were loaded into the CSM and used to generate
the estimates described in Section 3. Values for the dimensions are sourced from ei-
ther the student or from the target country’s national statistical office. For example,
the values for locale would be selected from the list of locales situated in the target
country recorded by the national statistical office for the country. Similarly, the value
for religion would be selected from the list of religious groups common in the target
country as recorded by the statistical office. The use of country-level data to define the
value spaces for some of the dimensions allows subtle nuances and variations in nam-
ing conventions for these values to be considered. Furthermore, compared to asking
the opinion of a few members of a target country, the national records provide a more
comprehensive, objective snapshot of the possible values that a dimension can take.
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The research in this paper builds upon the approach elaborated in [2] for quantify-
ing a student’s membership to a contextual group. Blanchard [2] measured this rela-
tionship as a membership score dynamically calculated as the weighted difference
between the student’s characteristics and those of a contextual group. Our approach
also uses weighted values but differs in the calculation of the membership score and
the determination of weights. The weights in our approach are applied to contextual
influences and are based on two sources of data: parent’s level of influence and coun-
try level statistical data. This improves upon the approach in [2] by using weights
directly related to the student’s context. This means that the CSM would strengthen
one student’s contextual group membership for a particular category and weaken the
same membership for another student as their weights change based on the signifi-
cance of a dimension for their particular cluster context. If two students have similar
contexts but different parental influences for example then their estimates would vary.
The same holds true for different statistical distributions for the dominant influences
in their contextual categories. In this case, further information is derived from a di-
mension using statistical data from the central or national statistical office in the coun-
try where the students reside for the course of their studies. In doing so, the socio-
cultural group contexts of the social units relevant for the students are factored into the
estimates. These two features advance the calculation described in [2]. Furthermore,
the definition of groups that relate to contextual dimensions and elements in this paper
extend content manipulation beyond the educational dimensions used in [2].

There are several potential uses envisioned for the CSM, and these hinge on adap-
tation at the application layer of CATS environments. One use could involve the dy-
namic selection of contextual elements deemed suitable for adapting learning content
based on the values and estimates in the CSM. Here, the contextual elements that
appeal most to students could be inserted into educational content thereby producing
contextualised content. Another use of the CSM could involve the generation of con-
textualised instructional feedback with emotive qualities. Affective feedback generat-
ed using casual or formal varieties of language as defined by the CSM could be used
to elicit different emotive responses in students in accordance with instructional goals.

5. CSM Evaluation and Results

Two studies were conducted in response to the research challenges posed at the be-
ginning of the paper using the CSM. The first study evaluated the likelihood that the
data required for generating a contextual student model will be readily supplied by
users. The second study evaluated the acceptability of the estimates produced by a
CSM application, built for the context of Trinidad and Tobago, based on student rat-
ings of the estimates. This section describes the methods and results of each study.

5.1 Likelihood of Data Collection for the CSM
An online questionnaire was administered to thirty six participants (36) from a

cross section of the population in Trinidad. It consisted of questions dealing with a
participant’s willingness to supply information on a contextual dimension. Participants
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were asked to answer whether they would be willing to supply information, uncom-
fortable but willing to supply information, or unwilling to supply information for each
of the twenty four dimensions in the CSM. Figure 2 shows the number of responses
categorised by user willingness and comfort to supply contextual data. Out of 864
responses, 786 responses were classified as willing and comfortable (91%), 49 re-
sponses were classified as willing but uncomfortable (5.7%) and 29 responses were
classified as unwilling (3.3%). Overall, the majority of users were willing and com-
fortable to supply contextual data on themselves and their social units (parents).
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Fig.2. User Willingness to Supply Data for a Contextual Student Model
5.2 Acceptability of Contextual Estimates Generated by the CSM

Thirty (30) undergraduate students enrolled in a programming course at UWI vol-
untarily participated in the experiment. The students ran the CSM application which
prompted for data for each of the twenty four factors. Using this data, the CSM appli-
cation produced estimates of contextual influences in the following areas: geography,
religion, ethnicity, education, and physical setting. Students were asked to rate the
estimates for correctness using a four point Likert scale rating. Usage logs were stored
and retrieved from a server for analysis.

GEOGRAFHY
Dominant Geographic Region: South
Secondary Geocgraphic Region: Neorth

SETTING

¥You are familiar with the feollowing settings:

Urban/Rural /Semi-Rural Settings: URBAN

Economic Activity Settings: INDUSTRIAL,RESIDENTIAL,CCMMERCIAL
Terrain Settings: MOUNTAINCUS

Fig.3. Sample of CSM Estimates Generated for a Student

Figure 3 shows a sample of the geographic and the terrain/setting estimates gener-
ated for a student who lives in an industrialized hilly city in the southern part of Trini-
dad. The student rated the setting estimate as correct but rated the geographical esti-



27

mate as mostly wrong even though one of his parents’ ancestral homes and work loca-
tion were situated in the north of the country. The graph in Figure 4 below shows the
relative differences in student ratings of the accuracy of the contextual student model
estimates that were produced. When ranked in order of increasing accuracy as being
either correct or mostly correct the categories are as follows: setting (80%), religion
(87%), geography (90%), ethnicity (93.3%), and education (96.7%). The most inaccu-
rate estimates (wrong and mostly wrong) were in the setting category (20%) followed
by the religion category (13.3%), and then the geography category (10%). All catego-
ries of estimates were rated on average as correct or mostly correct by over 80% of the
students. Collectively the estimates were rated as being 89.3% accurate and 10.7%
inaccurate.

Accuracy of Contextual Student Model Estimates by Category
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Fig.4. Accuracy of Contextual Student Model Estimates by Category

6. Analysis and Discussion of Results

The first experiment aimed to evaluate the likelihood that the data required for gen-
erating a contextual student model will be readily supplied by users. The results
showed that the majority of users polled for this experiment were willing and comfort-
able to supply contextual data about themselves and their parents. Closer examination
revealed that all of the users were willing and comfortable to give information about
their schools, and languages spoken by themselves and their parents. There were
differences in the number of users (ranging from 100% to 77.8%) who were willing
and comfortable to supply data for the remainder of dimensions. Users were the least
comfortable to give information about their parents compared to themselves but were
willing to give levels of influence. Overall, the experiment indicates that users would
readily supply information for the majority of dimensions that are used in the CSM to
generate the estimates. In the cases where information would not be supplied for par-
ticular dimensions such as for parental social units, the information provided for per-
sonal dimensions seem to be sufficient for estimating missing data through averages
using country-level statistics. It is therefore not unreasonable to conclude that data
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collection for the CSM is viable for the country investigated. Further study is required
to determine whether data collection is viable for other countries since there are dif-
ferences across countries with respect to what users may be willing to divulge about
themselves along with legal and ethical issues as evidenced by the study in [1].

Given that data can be collected for the CSM from users in general, the second ex-
periment aimed to evaluate the acceptability of the estimates produced by the CSM
based on student ratings of the estimates. Students were used in this experiment since
the intended use of the CSM is for educational purposes. The results showed there
were variations in the accuracy ratings for each category of estimates but overall more
than 80% of students rated the estimates generated as correct or mostly correct. The
setting category was rated as least accurate. This happened possibly because of the
limited metadata on the country locations which did not sufficiently distinguish cities
or towns as rural compared to semi-rural or even urban for the students. This high-
lights one limitation of the CSM in depending on statistical data from a country’s
central statistical office or department. Errors can be introduced into the estimates if
the data is incomplete or not specific enough. Nonetheless, the estimate was still rea-
sonably accurate since it was rated as wrong by 13.3% of the students but only mostly
wrong by 6.7% of the students. Estimates in the religion category may have fallen
short by not assigning a larger weight to the student’s religion since a few estimates
recorded a different dominant religious factor for students whose religions differed
from their parents. Even so, the estimate was still reasonably accurate since it was
rated as wrong by 6.7% of the students but only mostly wrong by 6.7% of the students.
The estimates for geography, ethnicity and education were rated as over 90% accurate
and this shows that these estimates were on point for the students. Despite the accura-
cy of the estimates, there were cases of students rating the estimates as inaccurate as
shown in Figure 5 even though the reasoning for the estimate was logical and made
sense for the student’s context. Overall the CSM rules, dimension combinations and
weightings were reasonable for estimating the student’s membership to various con-
textual groups as indicated by the favorable accuracy ratings.

7. Conclusion and Future Research

The contributions of this paper are the identification of the main contextual dimen-
sions of a student’s cultural background that are important for adaptation at the appli-
cation layer in CATS together with the dimension combinations that work to generate
reasonable estimates of a student’s membership to various cultural groups. Rules were
developed to estimate a student’s degree of membership to these contextual groups.
Results from the evaluations of the CSM revealed that the model was accurate in as-
signing contextual group membership scores to students. The techniques described in
this paper are non-trivial and harness many pieces of metadata in order to create a
reasonable computational representation of a student’s contextual background. In
doing so, this research has revealed that a considerable amount of effort will be re-
quired by practitioners seeking to create contextual student models due to the heavy
reliance on model values at a student level, resource level and country level. The CSM
approach was developed with generalization at the core since it is important for others



29

to be able to replicate these results in their own country and context in order for CATS
research to continue to move ahead. Strategies for building models of student context
would be worth very little if the students agree with the model but do not wish to have
their cultural context factored into their learning experience.

Future research includes the transition of the CSM prototype to an ontological rep-
resentation to facilitate reuse and better context matching through ontological align-
ment and merging with resource contexts. Additional dimensions of personal student
contexts will be included in the CSM together with more integrated learner context in
order to fine-tune the estimates generated. More importantly, work is planned for the
investigation of techniques that allow students to accept, adjust or even turn off
contextualisations in culturally-aware tutoring systems.
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Abstract. Second language acquisition after the students have learned their first
language is a unique process. One key difference between learning a foreign
language and one’s mother tongue is that second language learning is often
heavily facilitated with digital media, and in particular, through interacting with
computers. This project is aimed at leveraging computer game technologies and
Microsoft Kinect camera to create engaging and affordable virtual environ-
ments for children to “virtually” meet and practice their language and culture
skills. We present a uniquely immersive and narrative-based environment for
children to meet online and practice Mandarin Chinese with each other, provid-
ing a platform that is at once affordable, engaging to students and attractive to
teachers.
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1 Introduction

Language acquisition plays an important role in children’s cognitive and social devel-
opment processes. Being able to understand another language and culture is not only
fun and useful, but also may facilitate the children’s cognitive development.

Second language education is traditionally accomplished through classroom in-
struction and human tutors. While this is usually an effective approach, it has several
drawbacks which limit its application, particularly with a younger audience. Learning
a language requires tremendous amount of practice and repetition. Therefore, students
are strongly encouraged to practice outside normal classroom hours. However, being
able to find appropriate study partners, coordinate a convenient time and location is
often difficult, and this is especially true for children. Even when the students can find
someone to practice with, due to the students’ insufficient language abilities, the prac-
tice session can be very frustrating for both the student and the partner, who may be a
native speaker. This often causes the students to abort the practice. The students also
may not be able to retain the lessons during these practices, because of information
overflow.

Computer and network based learning systems on the other hand can keep records
of the practice history, and allow people to practice with partners online. Such sys-
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tems therefore can potentially make the practice process more accessible and effec-
tive.

In this project, we are interested in investigating how to create effective second
language practice environments. We have created multiple virtual environments for
children to “virtually” meet and practice their language and culture skills through
leveraging computer game technologies and Microsoft Kinect camera. Among all the
foreign languages for children in the US, Mandarin Chinese is by far receiving the
most growth of interest over the past years, and therefore is chosen as the first lan-
guage to be practiced in our games. We present the details of this system in this paper.

Furthermore, we are interested in studying the impact of various factors on stu-
dents’ language practices, and in particular the use of narrative and body movements.
Narrative, of course is an integral part of people’s lives. It is an important way for
people to entertain, as well as to learn about a new society or culture. Its engaging
power has been well observed in various media forms, e.g. novels, movies, and dra-
mas. Simulating real-world or fictional scenarios offers a way to practice language in
context, and provides the users with motivations and focus.

Moreover, we hypothesize that body movements and gestures can contribute to
language learning. Movement, in essence, is a form of thinking. The theories of em-
bodied cognition argue that our body, mind and the environment are tightly integrat-
ed, and our decision-making processes, perception and even memory are deeply root-
ed in our body and bodily movements (Clark, 2008). Gesturing is a perfect example.
Expressive gestures are an important aspect of language use and communication. On
the other hand, spontaneous gesturing, which do not directly relate to language use,
has been shown for facilitating learning and recall of abstract concepts (Goldin-
Meadow, 2003). This is because memory can be off loaded to body-environment
relationships that are “artificially” created by us. In the future work section, we lay
out the experimental studies we plan to conduct for evaluating the effects of these two
factors.

2 Related Work

With the rapid development of computer and game console hardware, graphics, artifi-
cial intelligence and network technologies in recent years, computer aided pedagogi-
cal systems and intelligent pedagogical agents have been widely used for tutoring and
training purposes, ranging from math (Beal, Walles, Arroyo and Woolf, 2007) and
physics tutoring (Ventura, Franchescetti, Pennumatsa, Graesser, Jackson, Hu, Cai
and the Tutoring Research Group, 2004) to language and social skill training (John-
son, Marsella, Mote, Si, Vilhjalmsson and Wu, 2004; Traum, Swartout, Marsella,
Gratch, 2005), and from life style suggestions (Zhang, Banerjee and Luciano, 2010)
to PTSD (Rizzo, Newman, Parsons, Reger, Difede, Rothbaum, Mclay, Holloway,
Graap, Newman, Spitalnick, Bordnick, Johnston and Gahm, 2009) and Autism inter-
ventions (Boujarwah, Riedl, Abowd and Arriaga, 2011).

Similarly, the effective use of language training has been demonstrated in immer-
sive virtual environments such as the Tactical Language Training System (Johnson,
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Marsella, Mote, Si, Vilhjalmsson and Wu, 2004), and Rosetta Stone. O’Brien, Levy,
and Orich describe a CAVE-based language learning environment targeted at more
general L2 applications, in which students explore a virtual model of Vienna in search
of the mayor’s missing daughter (O’Brien, Levy, and Orich, 2009). Chang, Lee and
Si have investigated using immersive narrative and mixed reality for teaching Manda-
rin Chinese to college students (Chang, Lee and Si, 2012).

Language and culture training involves more than teaching the students how to
speak. In real life, people use non-verbal behaviors -- gazes, gestures, and body
movements -- to accompany their speech. Not all of the non-verbal behaviors are
straightforward to mimic for foreigners. Most existing virtual training environments
require the learner to sit in front of a computer and use keyboard and mouse to inter-
act. The learner therefore cannot practice their non-verbal behaviors and conversa-
tional skills at the same time.

Gesture based natural user interfaces has been explored in cultural training (Rehm,
Leichtenstern, Plomer, and Wiedemann, 2010; Kistler, Endrass, Damian, Dang and
André, 2012). In this project we combine gesture based user interface with narratives
and puzzles to provide the users with a platform to practice their verbal and non-
verbal skills together. More specifically, we created three types of Kinect enabled
virtual environments. All of these virtual environments allow multiple users to log in
from different locations. The users can control a character’s body movements using a
Kinect camera and simultaneously have voice chat with other users. In fact, they have
to discuss and collaborate with each other to solve the problems presented in the vir-
tual environments. We hope these virtual environments can thus engage the users and
help the users to practice in a natural way.

3 Project Description

This project is aimed at leveraging computer game technologies and Microsoft Kinect
camera to create engaging and affordable virtual environments for children to “virtu-
ally” meet and practice their language and culture skills in Mandarin Chinese. Our
goal is to create affordable, engaging and realistic learning environments for children
to meet and practice Chinese. This project is not aimed at replacing language classes
or human tutors, but is meant to supplement classroom instruction.

Fig. 1. System Architecture
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3.1  Overview of the System

Figure 1 illustrates the overall architecture of the system. This system contains a cen-
tral server and multiple clients. The server handles most of the computation, and
therefore low-end machines can be used as clients. Each client needs to be equipped
with a Kinect camera, microphone and speaker. The Kinect camera enables the sys-
tem to map the user’s body movements to a character’s body movements, and thus
allow the user to directly control the character’s motions using his/her body. We
choose to use the Kinect camera in this project, because it provides this important
functionality, and is affordable, non-invasive and easy to install, which are important
features when considering deploying the project outside of the lab.

3.2 Development Environment

The Unity game engine was used for developing this project. Unity supports the de-
velopment of multi-player network games, and can easily produce the final executable
for different platforms. Unity is also easily compatible with the OPENNI package for
driving the Kinect camera and Teamspeak 3 package for providing real time multi-
user online chat, which will be described in more details below. As a result, we expect
minimal effort for deploying the final project at interested schools.

We want to seamlessly integrate the voice chat function into the rest of the applica-
tion, so that the users do not need to perform any special operations to chat with each
other. Considering the age group of our users, it is very important to make all the
interactions with the system feel natural. Moreover, we want to be able to replay the
whole game session for research purposes, and for the children’s teachers and parents.
In order to add a voice chat component to our system, we used Teamspeak 3, a popu-
lar voice chat service for gaming and other consumer uses that provides both off-the-
shelf and SDK tools, to create a voice chat server that we can host in-house and a
client that is integrated into the client side of the system. This means that upon enter-
ing the environment, the user is immediately connected to the voice chat server with
an open microphone so that all parties can begin talking to each other right away. It
also means that all the voice chat messages come through our server so we can keep
record of them.

3.3 Environments and Characters

Three types of virtual environments were created, which are described below in the
order of the amount of background stories involved.

Cao Chung Weighing an Elephant
We have created a 2.5D virtual environment (Figure2) which is based on a traditional
Chinese children’s story — Cao Chong Weighing an Elephant:
This happened about one thousand and seven hundred years ago. One
day somebody sent Cao Cao, the king of WEI, an elephant. Cao Cao want-
ed to know its weight. "Who can think of a way to weigh it?" He asked. But
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nobody knew what to do, because there was nothing big enough to weigh
it. Then Cao Chung, one of the king's young sons, came up and said, "Fa-
ther, I've got an idea. Let me have a big boat and a lot of heavy stones, and
I'll be able to find out the weight of the elephant." Cao Cao was surprised,
but he told his men to do as the boy asked.

When the boat was ready, the boy told a man to lead the elephant down
into it. The elephant was very heavy, and the water came up very high
along the boat's sides. Cao Chung made a mark along the water line. After
that the man drove the elephant onto the bank. Cao Chong then told the
men to put heavy stones into the boat until the water again came up to the
line. Cao Chung then told the men to take the stones off the boat and weigh
them one by one. He wrote down the weight of each stone and then added
up all the weights. In this way he got the weight of the elephant.

Fig. 2. Cao Chung Weighing an Elephant

In this virtual world, the users are asked to play the kids in the story and to find the
right way to weigh an elephant without hurting it. The users are provided with multi-
ple tools, such as a knife, which is not big enough to chop the elephant into pieces but
can wound the elephant, a scale that is not large enough to weigh the whole elephant
and multiple stones as in the original story. When each user enters the game, they are
provided with different sets of information regarding where the tools are. The users
can find and try out the tools. They are encouraged to discuss how to use the tools and
how to solve the problem with each other.

The characters were modeled in 2D with movable body parts. Using a Kinect cam-
era, the user can control the characters’ movements through their own body move-
ments. The characters mimic the user’s actions, e.g. the user can move around, wave
his/her hand, and bend down to pick up or drop an object.

The Elephant and the Blind Men
The second practice scenario is created based on another traditional Chinese chil-
dren’s story — The Elephant and the Blind Men:
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Once upon a time, an elephant came to a small town. People had read
and heard of elephants but no one in the town had ever seen one. Thus, a
huge crowd gathered around the elephant, and it was an occasion for great
fun, especially for the children. Five blind men also lived in that town, and
consequently, they also heard about the elephant. They had never seen an
elephant before, and were eager to find out about elephant. Then, someone
suggested that they could go and feel the elephant with their hands. They
could then get an idea of what an elephant looked like. The five blind men
went to the center of the town where all the people made room for them to
touch the elephant. Later on, they sat down and began to discuss their expe-
riences. One blind man, who had touched the trunk of the elephant, said
that the elephant must be like a thick tree branch. Another who touched the
tail said the elephant probably looked like a snake or rope. ... Finally, they
decided to go to the wise man of the village and ask him who was correct.
The wise man said, “Each one of you is correct; and each one of you is
wrong. Because each one of you had only touched a part of the elephant’s
body. Thus you only have a partial view of the animal. If you put your par-
tial views together, you will get an idea of what an elephant looks like.”

Just like in the original story, in this practice scenario, each user can only see a por-
tion of a large object, and they have to discuss with each other to figure out what the
object is. In addition to the elephant in the original story, we are also showing other
2D and 3D objects with different levels of difficulties for this practice. Figure 3 shows
an example. Using the Kinect camera, the users can use their hands to move their
camera view of the object a little bit to see more of the object. The user will never be
able to see the whole object. We designed this function to allow us to later evaluate
whether encouraging body movements will engage the users more in a learning envi-
ronment like this.

Fig. 3. The Elephant and the Blind Men
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Chat Rooms

Finally, we have created two 3D environments with 3D characters in them, as shown
in Figures 4 and 5 below. One is a student café with realistic models of human charac-
ters. The other is a living room with children characters modeled in cartoon style.
They were designed to attract users of different ages. In both environments, the users
can control a character, “walk” around in the environment, talk with other characters,
and interact with objects in the room. For example, in the café, the user can pick up a
cup and hand it to a virtual characters or to another user. The user can also collabo-
rate with another user and push the tables around.

Fig. 4. School Café

Fig. 5. Living Room

4 Current Status and Planned Evaluation

We have finished implementing the system and are currently conducting informal
usability testing. We are planning on two formal evaluations in the future.

First, the goal of this project is to supplement classroom instruction and exercise,
raise and sustain children’s interest in learning Chinese language and culture, and help
them practice their language skills outside of classroom. The overall effectiveness of
the project will be evaluated by comparing the learning outcomes from children who
regularly use this project and those who do not use this project. We will be using the
school’s standard assessment for evaluating the students’ performances.

Secondly, we want to evaluate the effects of using narrative and body movements
in language learning. For this purpose, we have also created a mouse and keyboard
version of the system. The same menu interface is used. However, the user control
his/her character’s body movements using mouse and keyboard instead of using their
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own body movements. The three types of virtual environments we developed for this
project involve different amount of narrative components. We hypothesize that the
environments with more narrative components can engage the users more, and using
body movements with a Kinect camera is a more engaging/effective learning ap-
proach compared to using mouse and keyboard.

We will use a 3*2 between-group design with the amount of narrative involved and
the type of user interface as two independent variables. Each subject will attend a 3-
session study. They will spend one hour in the lab interacting with our system on
three consequent days. The course of their interactions will be recorded. On the last
day, their learning results will be evaluated. The specific measurements for evaluation
will be determined together with our teaching consultants when we develop our learn-
ing materials. Based on the results from this experiment, we will conduct a second
study exploring ways to encourage the desirable behavior patterns in the students.

5 Conclusion

Learning a language requires a tremendous amount of practice both inside and outside
of the classroom. One common problem faced by language learners is where/how to
find people to practice with and what to talk about with strangers. This is especially
true for children because they have to rely on their parents or other adults for trans-
portation.

In this project we propose to attack these problems by creating virtual spaces with
narratives and puzzles embedded in them. We created three types of Kinect enabled
virtual environments. The success of this project will make finding and meeting prac-
tice partners a lot easier, in addition to the numerous benefits a computer based peda-
gogical system can provide, such as automatically keeping a record of one’s practice
history.

The rapid development of computer technologies in recent years enabled a variety
of user interfaces to be continently accessible in people’s everyday life, ranging from
the traditional mouse and keyboards interface to touch screens and touch free camera
based technologies for interactions. This work provide a platform for studying how
the form of interaction affects children and young adults’ language learning process-
es, and how the design of the learning systems can leverage this effect and make the
students’ learning process more effective.
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Abstract. In today’s age of globalization, cultural awareness has become a
challenge for designers of tutoring systems to include the cultural dimension in
the tutoring strategy and in the learning environment. Nevertheless, cultural
awareness is also a domain to be learned by a student, and a competency that
can be assessed. Research on cultural intelligence has provided a new perspec-
tive and presented a new way to alleviate issues arising from cross-cultural edu-
cation. To date, no research on cultural intelligence has been empirically com-
puterized with soft-computing technology. This research aims to invent a cul-
tural intelligence computational model and to implement the model in an expert
system through the use of artificial intelligence technology. The purpose of this
study is to provide intercultural training for individuals to solve the intercultural
adaptation problems they may be faced with in a variety of authentic cross-
cultural situations.

Keywords: Cultural Intelligence, Fuzzy Logic, Artificial Neural Network, Ex-
pert System, Hybrid Technology

1 Introduction

We live in an era of globalization where international activities between dif-
ferent cultures and intercultural communications and exchanges are becoming
more common and are taking on much greater importance than ever before.
Cultural awareness has become a challenge for designers of tutoring systems
to include the cultural dimension in the tutoring strategy and in the learning
environment. Nevertheless, cultural awareness is also a domain to be learned
by a student, and a competency that can be assessed. Culture is an ill-defined
domain [1]. Culture can play a significant role in the success or failure of
face-to face encounters [2, 3], and because of cultural diversity, "Culture is
more often a source of conflict than of synergy. Cultural differences are a
nuisance at best and often a disaster™" (Dr. Geert Hofstede). Moreover, cultur-
al knowledge is generally represented by natural language, in ambiguous
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terms, and it is difficult for traditional computing techniques to cope with
these. In such a context, globalization and traditional computing techniques
have encountered two major challenges: the first is, for human beings, how to
adapt to cultural diversity, and the second is, for computers, the processing of
soft data and the representation of human-like thinking. In the field of Cultur-
ally-Aware Tutoring Systems (CATS), several efforts have been conducted
towards a declarative knowledge representation of culture as a phenomenon in
order to foster and assess the awareness of cultural differences among human
beings, and of their impact on behaviour and attitudes [1, 2, 3, 4]. The prob-
lem addressed in this paper is not how learning environments can adapt to
culture, but how to assess human beings in terms of their level of cultural
awareness, and make recommendations for their training.

We became interested in the research on cultural intelligence, which
provides a new perspective and a new way to alleviate cultural issues that
arise in globalized environment. Following Earley and Ang [4], Cultural Intel-
ligence is thereafter called Cultural Quotient (CQ). The higher the CQ that
people possess, the more effective their performance and adjustment will be in
culturally diverse settings [5]. CQ can also be improved by training the people
involved in such settings. The most important point to consider is how to pre-
cisely evaluate CQ and provide relevant suggestions to improve it. However,
current studies on CQ have used traditional methods to measure users’ CQ
and have relied primarily on questionnaires to find solutions to CQ problems
traditionally confined to the work of culture experts and researchers. The best
way to enable non-expert users to make use of CQ knowledge at the present
time is to computerize CQ. A great deal of CQ knowledge, however, is ex-
pressed as ‘fuzzy data’. Dealing effectively with these is beyond the scope of
traditional computer technique. Research on CQ has never been empirically
computerized to date. Additionally, in reference to cultural aware intelligent
systems, researches concerning the Artificial Neural Network (ANN) and
fuzzy logic technologies to CQ have not been used before. Up until now, ap-
plication of this soft-computing technology to CQ has not been found in lit-
erature reviews.

This research attempts to provide effective solutions for the above-
mentioned problems. Based on advanced Al technologies, a CQ computation-
al model is invented and implemented in an expert system. This system has
successfully manipulated linguistic variables, soft data and human-like rea-
soning.

2 What is Cultural Intelligence?

The definition of CQ relies upon an understanding and an interpretation of a
definition of ‘culture’ itself. According to Hofstede [6], culture is ‘The collec-
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tive programming of the mind which distinguishes the members of a human
group from another’. Sperber claims that culture can be understood as an epi-
demiology of representations [7], Kroeber and Kluckhohn [8], in their article
‘Culture: A Critical Review of Concepts and Definitions’, inventoried a list of
over 200 different definitions for the word ‘culture’. Moreover, when refer-
ring to someone’s ability to understand and adapt to different cultures, some
authors use the term ‘Inter- cultural Sensitivity’ [9]. We adopted the defini-
tion proposed by Earley and Ang [4], who define CQ as the ability to collect
and process information, to form judgments, and to implement effective
measures in order to adapt to a new cultural context. Earley and Mosakowski
[10] define CQ as a complementary intelligence form which may explain the
capacity to adapt and face diversity, as well as the ability to operate in a new
cultural setting. Earley and Mosakowski stress that people with a relatively
high CQ level often appear at ease in new situations. They understand the
subtleties of different cultures, so they can avoid or resolve conflicts early.
Peterson interprets CQ in terms of its operation [11]. He believes that, for the
concept of CQ, the definition of culture is compatible with the cultural values
of Hofstede. Peterson also describes CQ as the communicative capabilities
which improve working environments. In other words, all workers have the
ability to communicate efficiently with customers, partners and colleagues
from different countries in order to maintain harmonious relationships. Bris-
ling et al. define CQ as the level of success that people have when adapting to
another culture [12]. Thomas describes CQ as the capability to interact effi-
ciently with people who are culturally different [13]. Johnson et al. define CQ
as the effectiveness of an individual to integrate a set of knowledge, skills and
personal qualities so as to work successfully with people from different cul-
tures, both at home and abroad [14]. Finally, Ang et al. [15] define CQ as the
conceptualization of a particular form of intelligence based on the ability of an
individual to reason correctly in situations characterized by cultural diversity.
Ang and Van Dyne [18] paid special attention to how a culturally diverse en-
vironment works. They refined the concept of Earley et al. [4] to consist of
four dimensions of CQ: metacognition, cognition, motivation and behavior.
This structure has been widely used in the following cultural research and
studies.

3 Data and Knowledge Acquisition in the Application Domain

We collected data and CQ knowledge by reviewing books, documents, manu-
als, papers, etc., and by interviewing cultural experts. Among other potential
applications, we identified the evaluation of CQ for application domains cov-
ered in our system.
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Ang et al. [16] developed a self-assessment questionnaire which has 20
items that measure CQ. This questionnaire was validated across samples
(n=1564), time, countries and method of measurements. This questionnaire
was used to collect data for studies on the test subjects regarding their capaci-
ty for cultural adaptation. The questionnaire is generally divided into four
sections: metacognition, cognition, motivation and behavior. For example,
one of the items is: "I am conscious of the cultural knowledge I use when |
interact with people with different cultural backgrounds.” Van Dyne et al. [17]
developed a version of the questionnaire from the point of view of an observer.
It is also based on the 20 items of Ang et al. [16] in order to measure CQ in
individuals. The questionnaire was adapted from each item of the self-
assessment questionnaire to reflect the assessment made by an observer rather
than the user himself. As explained by Van Dyne et al. [17], these question-
naires allow for the effective assessment of CQ by cultural experts in practical
applications. It is difficult to evaluate users only by these questionnaires with-
out any cultural experts present. Thus, we adapted the self-assessment ques-
tionnaire and the observer questionnaire to measure CQ in order to integrate
the CQ experts’ knowledge, for the purpose of evaluation and recommenda-
tion functions offered by our system. Users can therefore be evaluated, and
appropriate suggestions can be offered by the system.

4 Cultural Intelligence Computational Model

When processed by humans through questionnaires, CQ generally has two
types of data: the first type is associated with "hard" computing, which uses
numbers, or crisp values; the second type is associated with "soft" computing,
which operates with uncertain, incomplete and imprecise soft data. The sec-
ond type is presented in a way that reflects human thinking. When we explain
the cultural concept of cross-cultural activities, we usually use soft values
represented by words rather than by crisp numbers. Traditional techniques, or
"hard" computing, cannot treat CQ soft data. In order to enable computers to
emulate human-like thinking and to model a human-like understanding of
words, we use a hybrid neuro-fuzzy technology to invent a CQ computational
model. This soft-computing technology is capable of dealing with uncertain,
imprecise and incomplete CQ soft data.

The hybrid neuro-fuzzy technology makes use of the advantages and
power of fuzzy logic and the ANN. The hybrid technology represents the es-
sence of our computational model. The CQ computational model is based on
the four-dimensional structure of Ang et al. [16]. The model is noteworthy
because we clearly put forward and use that four CQ dimensions make up an
integrated and interdependent entities. Essentially, the computational model is
a multi-layer neural network with the functional equivalency of a fuzzy infer-



ence process. This neural network is not a simple neural network due to all of
the cultural rules embodied in these structure nodes. The neuro-fuzzy network
is composed of six layers in our computational model. The model is shown in
Fig. 1. This hybrid computational model has 20 inputs which represent the 20
items of the questionnaires to measure CQ: the metacognitive dimension
(MC) has four items, the cognitive dimension (C) contains six items, the mo-
tivational dimension (M) includes five items and the behavioral dimension
(BEH) consists of five items and has one output: CQ.

Layerl Layer2 Layer3 Layerd Layers Layerf
Inputs Fuzzification Fuzzymsles  Fozzification Fules Combinationst
union Defuzzification
__________________________________
Dimension-Metacognition

MC-Qlﬁ| me-a1
. SN

M-01

M-05 —| M-05 = M-Q3 Madivm

| Dimension-Behawior BEH-Q1 High
BEH-O1—=»| BEH-O1 BEH-(1 Madivm

BEH-Ql Low

BEH-Q5 High

BEH-Q5 Madiuvm

Fig. 1. Computational Model of Cultural Intelligence

Layer 1 - Input: No calculation is made in this layer. Each of the 20 neurons
corresponds to an input variable. These input values are transmitted directly to
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the next layer.

Layer 2 - Fuzzification: Each neuron corresponds to a linguistic label. Fuzzy
linguistic variables used in our model are triangular membership functions
(e.g., High, Medium and Low), associated with one of the input variables in
Layer 1. We have 60 neurons in this layer.

Layer 3 - Fuzzy Rules: The output of a neuron at this layer is the fuzzy rules
of CQ. For example, Neuron R1 represents Rule 1 and receives input from the
neurons MC-Q1 (High) and MC-Q4 (High), etc.

Layer 4 — Fuzzification: In this layer, the neurons receive the membership
degrees as the inputs which are produced from the fuzzy rules layer.

Layer 5 - Rule Unions (or consequence): This layer has two main tasks: 1) to
combine the new precedent of rules; and 2) to determine the output level
(High, Medium and Low) which belongs to the CQ linguistic variables. For
example, R1 is the input of MC1 (High) and C1 (High), etc. It integrates the
four dimensions of CQ to make a logical judgment in this layer by using 27
CQ rules.

Layer 6 - Combination and Defuzzification: This layer combines all the con-
sequence rules and, lastly, computes the crisp output after Defuzzification.
This layer has three neurons: CQ-High, CQ-Medium and CQ-Low. The Cen-
ter of Gravity method is used to calculate the output.

This multilayer neuro-fuzzy network can apply standard learning algo-
rithms (such as back-propagation) to train it. This mechanism is very useful,
especially in those situations where cultural experts are unable to verbalize
which knowledge or problem-solving strategy they use. To illustrate how the
computational model learns, consider an example from this model shown in
Fig. 2.

TRAINLM, Epoch 0/9, MSE 45.2964/0, Gradient 13.567,/1le-0L0
TRAINLN, Eno h 9.-"9 \15E _1 65959 022 0 ar.ld\en'( 4 16.1 -le 312;1e -010
TRAINLM, Ma: a1

7.0000 7.0000 6. 5000 4.5000 7.0000

Performance is 165969e-022, Goalis 0

9 Epochs

Shoz [rarwg

Fig. 2. Learning in the Computational Model
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Suppose we have collected five people's answers as input data, and get five
corresponding CQ evaluation results from the output of the model as: y = [5,
6, 7, 3, 2]. For any reason, the cultural experts gave five desired CQ output
values as: yd = [7, 7, 6.5, 4.5, 7]. We then used these five pairs of input data
and the desired values to train the model. After nine epoch training processes,
our new output from the model was: y = [7, 7, 6.5, 4.5, 7]. The model’s output
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quite accurately corresponds to the CQ values provided by the cultural experts.

In the future, the system should be trained with big data and calibrated conse-
quently.

5 Implementing the Model in an Intelligent System

We would like the system, first, to be capable of acquiring, extracting and
analyzing the new CQ knowledge of experts, and second, to serve as an effi-
cient team comprised of top CQ experts, able to provide both recommenda-
tions and explanations to users whenever required in culturally diverse set-
tings. Hence, we implemented the computational model in an expert system,
called CQES (Cultural Intelligence Evaluation System). Fig. 3 shows the
structure of the CQES.

Training
Data

CQ computational model:

Cultural Intelligence rules:

IF-THEN

| Inference Engine |

S—

______________________________________

uy= =«

l_

User Interface:
CQ Evaluation
o Self- Evaluation
o Observer Evaluation

User

Fig. 3. Structure of CQES
The CQES structure includes four main modules: 1) The CQ Computational
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Model contains CQ knowledge that is useful for solving CQ problems. The
soft-computing technology used in this model enables the system to reason
and learn in an uncertain and imprecise CQ setting. It supports all the evalua-
tion steps in the system. This module connects with the Training Data Data-
base. The Training Data Database are sets of training examples used for
training the neuro-fuzzy network during the learning phase. 2) The Cultural
Intelligence Rules examine the CQ knowledge base, which is represented by
the trained network, and produce rules which are implicitly built into and in-
corporated in the network. 3) The Inference Engine controls the flow of in-
formation in the system and initiates inference reasoning from the computa-
tional model. It also concludes when the system has reached a solution. 4) The
Explanation explains to the user why and how the CQES reached the specific
CQ evaluation results. These explanations include the conclusion, advice and
other facts required for deep reasoning. Therefore, the following details ex-
plain how users can get two evaluations (self and observer evaluations) using
the 20-item questionnaires (see the interface of the CQES in Fig. 4).

CQ Evaluations

B. Observer Report

1) Filli

Fig. 4. Interface of CQES

For example, two different results of the self-evaluation questionnaire
that evaluate the user's CQ are presented in the CQES as follows:
Result 1: After inputting the answers to the 20 items in the CQES, the system
provides the feedback. If a user’s evaluation achieves a high score (e.g.: more
than 8), the system shows the following message:

Current time is Fri Jan 04 18:12:02 2013

Your newest result is
9.5.
Congratulations! The CQ Evaluation is excellent !!

Result 2: When the evaluation results are below 6, the system accordingly
gives useful suggestions for personal self-development as required. This pro-
cess permits the system to evaluate users so as to identify their problems in
the CQ domain and then offers several precise recommendations to users
based on the results of the evaluation. Moreover, the system uses natural lan-



guage to give users recommendations in order to provide them with a stress-
free and friendly evaluation. The CQES presents some recommendations as
follows:

the system suggests that

the following aspects

your facial expressions when a cross-cultural
requires it.

socializing with locals in a culture that is

vith people from different cultures.

h people from

Organizations could also use the CQES (both self- and observer evalua-
tions) to evaluate and train employees so that the latter may function more
effectively in such situations. We envisage that CQES could effectively be
integrated in a CATS to offer training in culture intelligence based on the as-
sessment provided by CQES.

6 Conclusion

This research is original and attempts to give a productive solution by replac-
ing or supporting CQ experts with computers for assessing and provide rec-
ommendations for training. This innovative research has managed to comput-
erize the underlying principles of CQ in order to help individuals to improve
their ability to adapt to a new culture.

The main contributions of this research are: inventing a CQ computa-
tional model and implementing the model in an expert system called CQES.
As a ‘culturally aware’ intelligent system, the CQES can be used to train indi-
viduals in CQ training by providing them with evaluation, and specific sug-
gestions to improve their weaknesses in the corresponding area. This point is
of particular importance in modern learning theories.
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