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Abstract. Knowledge circulation is indispensable to improving the coverage 
and quality of knowledge shared in a community.  In order for information and 
communication technologies to be successfully applied to realize knowledge 
circulation, social aspects need to be considered so that the technologies can be 
properly embedded into the society.  This issue has been addressed in social in-
telligence design, a field of research aiming at understanding and augmenting 
social intelligence based on a bilateral definition of social intelligence as an in-
dividual’s ability to better live in a social context and a group’s ability to collec-
tively solve problems and learn from experiences.  In this paper, based on an 
overview of social intelligence design research, I present a generic framework 
of conversational knowledge circulation in which conversation is used as a pri-
mary means for communicating knowledge.  I present attentive agents, autono-
mous interaction learner, situated knowledge management, self-organizing  
incremental memory, immersive conversation environment, as key technologies 
in conversational quantization for conversational knowledge circulation.   

Keywords: Social Intelligence Design, Conversational Knowledge Circulation, 
Situated Knowledge Management. 

1   Introduction 

The advent of the information and communication technologies has significantly 
increased the amount of information available on the net.  Kitsuregawa [1] called it 
information explosion.  Information explosion brings about both negative and positive 
aspects.  On the one hand, we often feel overloaded by the overwhelming amount of 
information, such as too many incoming e-mail messages including spams and un-
wanted ads.  On the other hand, explosively increased information may also lead to a 
better support of our daily life.  We can access not only public and infrastructure 
information such as the contact address of public service but also personal twitters 
and diaries that tell us how other people feel about perceived events.   

Still we often run into problems which may be attributed to the lack and incomplete-
ness of information and knowledge.  From time to time, we are forced to waste long 
time to fix simple problems or loose critical moments due to the lack of timely informa-
tion provision.  After all, we are still suffering from unevenly distributed information 
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and knowledge.  In the industrial domain, uneven distribution of information can be 
thought of as a potential cause of various flaws in service such as incomplete manuals, 
ill-designed user interface, excessive functions, or even brittle machineries.   

Information and knowledge need to be circulated so that demands for information 
can be communicated to information holders or providers, and information and 
knowledge can be communicated to those who need it.  In the industrial domain, 
information and knowledge sharing among specialists in different sectors of service 
providers is considered to be a gold standard for service provision.  In addition to it, 
communicating the engineers’ intention underlying the products may lead the clients 
to better leverage the services and products; communicating demands of the clients 
may motivate service providers to design new services; communicating usage reports  
may force engineers to improve the quality of services and products; not only bug 
reports or criticisms but also reports on novel usage and proposals of new functions 
from skilled users might highly encourage new services and products.  

In general, information and knowledge circulation is critical to ensure the coverage 
and quality of knowledge.  Knowledge circulation may contribute to bringing about 
good coverage, by communicating information and knowledge demands among peo-
ple.  Knowledge circulation may help improve the quality of knowledge by collecting 
flaws, criticisms and proposals for products and services from people.   

Although information and communication technologies are powerful, a simple de-
ployment of they will not be enough.  Social intelligence design [2, 3] is a field of 
research aiming at understanding and augmenting social intelligence based on a bilat-
eral definition of social intelligence as an individual’s ability to better live in a social 
context and a group’s ability to collectively solve problems and learn from experi-
ences.  Issues in embedding information and communication technologies in the hu-
man society have been discussed in the context of social intelligence design.   

In what follows, I first give an overview of social intelligence design research.  
Then, I present a generic framework of conversational knowledge circulation in 
which conversation is used as a primary means for communicating knowledge.  Fi-
nally, I present attentive agents, autonomous interaction learner, situated knowledge 
management, self-organizing incremental memory, immersive conversation environ-
ment, as key technologies in conversational quantization for conversational  
knowledge circulation.    

2   Social Intelligence Design 

The central concern of social intelligence design research is the understanding and 
augmentation of social intelligence resulting from bilateral definitions of individual 
intelligence to coordinate her/his behavior with others’ in a society and of collective 
intelligence to specify the discourse for the members to interact with each other.  
Social intelligence design can be discussed at the different levels of granularity. So-
cial intelligence design on the macroscopic level is about social networking and 
knowledge circulation in a community.  Social intelligence design on the mesoscopic 
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level is about collaboration in a small groups and teams.  Social intelligence design at 
the microscopic level is about fast social interactions in a social discourse.  

2.1   The Idea of Social Intelligence Design -- Its Origin and Development 

Social intelligence design research is based on bilateral definitions of social intelli-
gence: social intelligence as an individual’s ability to manage relationship with other 
agents and act wisely in a social situation, and social intelligence as an ability of a 
group of people to manage complexity and learn from experiences as a function of the 
well-designed social structure [2, 3].  Social intelligence is contrasted with problem 
solving intelligence / rational intelligence and emotional intelligence.   

Social intelligence design research centers on five topics.  The first is about theo-
retical aspects of social intelligence design, involving understanding group dynam-
ics and consensus formation of knowledge creation, theory of common ground in 
language use, and social learning.  The second is about methods of establishing the 
social context by such means as awareness of connectedness, circulating personal 
views, or sharing stories.  The third is about embodied conversational agents for 
knowledge exchange, mediating discussions, or learning.  The fourth is about col-
laboration design by integrating the physical space, electronic content and interac-
tion.  Multiagent systems might be used to help people in a complex situation.  The 
fifth is about public discourse.  Social intelligence design may be concerned with 
visualization, social awareness support, democratic participation, web mining and 
social network analysis [2]. 

Further topics, such as mediated communication and interaction [4], natural inter-
action [5], collaboration technology and multidisciplinary perspectives [6], evaluation 
and modeling [7], ambient intelligence [8], designing socially aware interaction [9], 
and situated and embodied interactions for symbolic and inclusive societies [10], have 
been added to the scope in subsequent workshops. 

Social intelligence design is an interdisciplinary research area.  Social intelligence 
design is discussed from conceptual, scientific and engineering viewpoint.  Design is 
the most important feature to integrate scientific and engineering approach to achieve 
better social intelligence.    

Social intelligence design is studied at three levels.  Social intelligence design at 
the macroscopic level is concerned with networked interactions in community.  Social 
intelligence design at the mesoscopic level focuses on structured social interactions in 
small groups.  Social intelligence design at the microscopic level sheds light on fast 
interaction loops in the social discourse.   

2.2   The Networked Interactions on the Macroscopic Level 

Social intelligence design on the macroscopic level is concerned with understanding 
and supporting communities where knowledge evolves as a result of interaction 
among members.  Major issues include community knowledge management, design 
and analysis of computer-mediated communication (CMC).   
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Community knowledge management is concerned with understanding and enabling 
organizational approach to identify, foster, and leverage insights and experiences 
shared in a community.  It should recognize best practice in a community [11] and 
enhance the knowledge spiral between formal and tacit knowledge [12].  CMC tools 
should be amalgamated with organizational structure and process.  Tacit knowledge 
might be better formalized into formal knowledge with CMC tools with face-to-face 
communication functions, while formal knowledge might be better internalized into 
tacit knowledge with anonymous communication means [13].  Caire [14] points out 
that conviviality contributes to promote values such as empathy, reciprocity, social 
cohesion, inclusiveness, and participation.  Katai [15] introduces a framework of 
social improvisational acts towards communication aiming at creative and humanistic 
communities. 

CMC tools support various phases of the knowledge process in a community.  A 
corporate-wide meeting may not be possible without a powerful CMC tools.  Faint-
Pop [16] is designed to provide social awareness.   Nakata [17] discusses a tool for 
raising social awareness through position-oriented discussions.  Nijholt [18] discusses 
the design of virtual reality theater environment for a virtual community. At “World-
Jam”, the IBM’s corporate-wide discussions held for three days and participated by 
over 53600 employees, a system called “Babble” was deployed which assisted syn-
chronous and asynchronous text communications.  Each participant was represented 
as a colored dot.  The position of a dot within a visualization called “social proxy” 
was designed to allow each participant to grasp who else is present and which topics 
are being discussed [19, 20].  In the DEMOS project, Survey, Delphi and Mediation 
methods are combined to connect political representatives and citizens, experts and 
laymen.  They are expected to strengthen the legitimacy and rationality of democratic 
decision making processes by using CMC tools to inspire and guide large scale politi-
cal debates [21].  Public Opinion Channel was proposed as a CMC tool for circulating 
small talks in a community [22].  Kanshin was designed to allow for extracting social 
concern [23].  In order to cope with digital divide, the culture of the user need to be 
investigated with the greatest case and sensitivity [24].   

CMC tools need to be analyzed in order to understand and bring about better com-
munity communication.   In general, statistical or social network analysis may be 
applied to understand the structure and features of community communication  [25].  
Notsu [26] used the VAT (visual assessment of clustering tendency) to analyze the 
balance of the network modeling of conceptualization.  Miura [27] found that me-
dium-density congestion with a relevant topic might activate communication by ex-
perienced participants in online chat, and suggested the cognitive process in the 
course of communication congestion.  Miura [28] suggested that information retrieval 
behaviors may vary depending on task-related domain specific knowledge in informa-
tion retrieval.  If the retriever has sufficient knowledge, s/he will cleverly limit the 
scope of retrieval and extract more exact information; otherwise, s/he will spend 
much efforts on comprehending the task-related domain for efficient retrieval.  Ma-
tsumura [29] revealed that the dynamic mechanism of a popular online community is 
driven by two distinct causes: discussion and chitchat.  ter Hofte [30] investigated 
placed-based presence (presence enhanced with concepts from the spatial model of 
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interaction).  The lessons learned include: place-based presence applications should 
be designed as an extension of existing PIM applications so that they may allow peo-
ple to control the exchange of place-based presence information; place-based pres-
ence system should keep the user effort minimum, since the trust in presence status 
may be lowered otherwise; and wider presence and awareness scopes may be needed 
to allow people see each other since they will easily lose track of each other other-
wise.   Morio [31] made a cross-cultural examination online communities in US and 
Japan, and found that Japanese people would prefer to discuss or display their opin-
ions when there is a lack of identifiability, while US people have a much lower rate of 
anonymous cowards.  Furutani [32] investigated the effects of internet use on self 
efficacy.  The results suggested that a belief of finding people with different social 
background may positively effect on self-efficacy (the cognition about one’s capabili-
ties to produce designated levels of performance), while staying in low-risk commu-
nication situation with homogeneous others might undermine self-efficacy.  Mori-
yama [33] studied the relationship between self-efficacy and learning experiences in 
information education.  They suggest that self-efficacy and abilities of information 
utilization may enhance each other.  In addition, creativity and information utilization 
skills might promote self-efficacy.   

2.3   The Structured Interactions on the Mesoscopic Level 

Social intelligence design at the mesoscopic level is concerned with collaboration 
support in structured interactions of a group or team.  Major issues include design and 
analysis of global teamwork, collaboration support tools, and meeting support and 
smart meeting rooms.   

Design and analysis of global teamwork is a major concern in many industrial ap-
plications.  Fruchter [34] proposed to characterize collaboration support systems for 
global teamwork in terms of bricks (physical spaces), bits (electronic content), and 
interaction (the way people communicate with each other).  Fruchter [35] describes a 
methodology for analyzing discourse and workspace in distributed computer-
mediated interaction.  Fruchter [36] formalized the concept of reflection in interaction 
during communicative events among multiple project steakholders.  The observed 
reflection in interaction is prototyped as TalkingPaperTM. 

Cornillon [37] investigated the conceptual design of a feedback advisor suggesting 
the knowledge co-construction aspect of a debate and noted that various aspects of 
social intelligence are coded in to the dialogue, such as repetitions encoding aware-
ness of connectedness.  Cornillon [38] analyzed how people work together at a dis-
tance using a collaborative argumentative graph.   They found that the number of 
turning actions (those changing the structure of an argumentative graph) greatly varies 
between the face-to-face and remote condition, while that of building actions (those 
contributing new information on the screen) does not. 

In the network era, workspaces are enhanced with information and communication 
technologies.  In order to enable people to flexibly interact with one another in a hy-
brid workplace, communication in the real life workplace need to be analyzed in 
terms of physical space, communication space, and organizational space [39]. 
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People’s behavior in coping with multitasking and interruptions in the workplace has 
been studied in depth by Mark and her colleagues [40, 41, 42].   

Various collaboration support tools have been proposed to facilitate collaboration 
from different angles.  Martin [43] identified story telling as a vehicle for tacit-to-tacit 
knowledge transfer in architectural practice and proposed the Building Stories meth-
odology.  Fruchter [44] proposed RECALL, a multi-modal collaboration technology 
that supports global team work.  Heylighen [45] presents DYNAMO (Dynamic Ar-
chitectural Memory Online), an interactive platform to share ideas, knowledge and 
insights in the form of concrete building projects.  Stock et al [46] presents a  co-
located interface for narration reconciliation in a conflict by making tangible the con-
tributions and disagreements of participants and constraints imposed by the system to 
jointly perform some key actions on the story.  Merckel et al [47] presents a frame-
work for situated knowledge management.  A low-cost three dimensional pointer is 
given to allow the user to associate information with arbitrary points on the surface of 
physical equipments.  Analysis is as important as synthesis.  Pumareja [48] studied 
the effects of long-term use of a groupware.  The paradigm of social constructivism 
and the perspective of structuration was proposed as a framework of analysis.  The 
finding from the case study suggests that collaboration technology can serve as a 
change agent in transforming the culture and structure of social interaction, through 
the various meanings people construct when interacting with technology and in bene-
fiting from the structural properties of a system.  Cavallin [49] investigated how sub-
jective usability evaluation across applications can be affected by the conditions of 
evaluation and found that scenarios not only affect the task solving level, but also 
prime the subjective evaluation of an application.   

Meeting support and smart meeting rooms have a large potential in application.   
Suzuki [50] discussed the social relation between the moderator and interviewees.  
Nijholt [51] describes a research on meeting rooms and its relevance to augmented 
reality meeting support and virtual reality generation of meeting.  Reidsma [52] dis-
cussed three uses of Virtual Meeting Room: to improve remote meeting participation, 
to visualize multimedia data, as an instrument for research into social interaction in 
meetings.  Rienks [53] presents an ambient intelligent system that uses a conflict 
management meeting assistant.  Wizard of Oz experiments were used to determine the 
detailed specification of the acceptable behaviors of the meeting assistant, and obtain 
preliminary evaluation of the effect of the meeting assistant.  Use of interaction media 
was studied by Mark [54] and Gill [55].   

2.4   The Fast Interaction Loop on the Microscopic Level 

Social intelligence design at the microscopic level is concerned with fast social inter-
actions in the face to face interaction environment.   Major issues include interactive 
social assistants, analysis of nonverbal social behaviors, social artifacts and multi 
agent systems.   

Interactive social assistants help the user make social activities.  S-Conart [56] 
supports conception and decision making of the user while online shopping.  PLASIU 
[57] is designed to support job-hunter’s decision making based on the observations 
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from their actual job-hunting process.  StoryTable [58] is a co-located cooperation 
enforcing interface, designed to facilitate collaboration and positive social interaction 
for children with autistic spectrum disorder.   

Analysis of nonverbal social behaviors will provide insights needed to implement 
collaboration support systems or social artifacts.  Yin [59] shows a method of extract-
ing information from I-dialogue that captures knowledge generated during informal 
communicative events through dialogue, sketching and gestures in the form of un-
structured digital design knowledge corpus.  Biswas [60] presents a method for ex-
ploiting gestures as a knowledge indexing and retrieval tool for unstructured digital 
video data.  Ohmoto [61] presents a method for measuring gaze direction and facial 
features to detect hidden intention.   

Social artifacts aim at embodying social intelligence to interact with people or 
other social agents.  Xu [62] presents a two-layered approach to enhance the robot’s 
capability of involvement and engagement.  Xu [63] describes a WOZ experiment 
setting that allows for observing and understanding the mutual adaptation procedure 
between humans.  Mohammad [64] presents NaturalDraw that uses interactive per-
ception to attenuate noise and unintended behaviors components of the sensor signals 
by creating a form of mutual alignment between the human and the robot.  
Mohammad [65] discusses combining autonomy and interactivity for social robots.  
Yamashita [66] evaluates how much a conversational form of presentation aids com-
prehension, for long sentences and when user had little knowledge about the topic, in 
particular.  Poel [67] reports design and evaluation of iCat’s gaze behavior.  Nomura 
[68] studied negative attitudes towards robots.   

Multi agent systems fully automate a computational theory of social agents.  Roest 
[69] shows an interaction oriented agent architecture and language that makes use of 
an interaction pattern, such as escape/intervention. Rehm [70] integrates social group 
dynamics in the behavior modeling of multi agent systems.  Mao [71] studied social 
judgment in multi agent systems.  Pan [72] presents a multi-agent based framework 
for simulating human and social behavior during emergency evacuation.  Cardon [73] 
argues that the emerging structure or the morphological agent organization reflects the 
meaning of the communications between the users.  

2.5   Knowledge Circulation in the Context of Social Intelligence Design 

Discussions in social intelligence design research may be applied to bring about better 
knowledge circulation.   

At the macroscopic level, organizational design of knowledge circulation should be 
needed to make sure that a community knowledge process properly functions. A 
model of knowledge evolution need to be explicitly formulated which may specify 
when and how knowledge is created, how it is refined, how it is applied and evalu-
ated, how it is archived, and how it is generalized for transfer.  It is critical to identify 
contributors and consumers. The structure of participation need to be well-designed 
so that many people with different background and motivation can be motivated, 
participate in and contribute to knowledge circulation. Most importantly, it is critical 
to identify the structure of affordance and incentive of contribution. Consumers need 
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to be provided enough affordance in order to apply knowledge.  The social structure 
should be well-designed so that creators can find values in contribution in addition to 
affordance in order to create knowledge.  Furthermore, trust and value of information 
and knowledge need to be addressed.   

CMC tools for knowledge circulation should be designed so that they can enhance 
the affordance and incentive structure by reducing the overhead of knowledge circula-
tion.  They should be able to provide the user with cues for evaluating trust and deal-
ing with a large amount of information.  A method of evaluating CMC tools for 
knowledge circulation need to be established.   

At the mesoscopic level, the central issue is to support the teamwork of steakholders 
who play a critical role in knowledge circulation.  On the one hand, awareness need to 
be supported so that they can coordinate their behaviors with colleagues.  Knowledge 
provision should be coordinated with team activities such as schedule maintenance. On 
the other hand, the complexity of the structure of workplace and multitask complexities 
must be considered, for knowledge workers are working simultaneously on multiple 
tasks by moving around multiple workplaces.  The relationship among awareness, 
shared information, and privacies should be carefully analyzed by taking the structure 
and dynamics of participation into consideration. Collaboration support tools will 
augment a distributed team of steakholders.  Smart meeting rooms will help co-located 
collaborative activities.  Measurement and analysis of activities and the communication 
tools will be helpful in improving collaborations.   

At the microscopic level, quick interaction loops using the combination of verbal 
and nonverbal behaviors need to be understood and supported.  It should be noted that 
nonverbal behaviors not only control the discourse of communication, but also give 
additional meaning to verbal information.  Understanding and leveraging quick inter-
action loops will help identify tacit information underlying the communication activi-
ties.  Although it is challenging, developing social artifacts that can create and sustain 
interaction loops with people will significantly accelerate and improve the quality of 
knowledge circulation.  Multi agent systems techniques might be used not only to 
control distributed systems but also to understand social systems as an accumulation 
of microscopic interactions among participating agents.   

The above discussions may lead to a layered model of community knowledge 
process [74].  The first layer from the bottom is about context sharing.  It accumulates 
the background information that serves as a common ground for a community.  Thus 
layer remains often tacit in the sense that it is not explicitly and represented as a well-
described static documents.  Rather it is a dynamic collection of ongoing conversa-
tions among members or tacitly shared perception of the common ground.  The  
second layer is information and knowledge explicitly shared in the community.  The 
third layer is collaboration.  Special interest groups are often formed to act to achieve 
a goal for a community.  The fourth layer is discussion.  Conflicting propositions are 
identified and discussed from various angles.  The topmost layer is decision making.  
Resolutions to conflicting goals are determined at this level and disseminated to the 
community members.  Knowledge circulation is indispensable to make knowledge 
process function effectively at each level.   
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3   Conversational Knowledge Circulation 

Conversation is the most natural communication means for people.  People are fluent 
in expressing ideas by combining verbal and nonverbal behaviors.  People are skillful 
in interpreting communicative behaviors of other participants.  People make nonver-
bal behaviors, iconic gestures for instance, not only to control the discourse but also 
to modulate the proposition conveyed by verbal utterances.  Conversation is a heuris-
tic process of knowledge creation by a group of people.  Although it is pretty hard to 
express half-baked ideas, those filled with indeterminacies and inconsistencies, in a 
written language, vague thoughts often turn into clear ideas as a result of conversation 
on the spot by incorporating knowledge from participants and gaining better ground-
ing on the subject.  The discourse of conversation often allows participants to  
critically examine the subject from multiple angles, which may motivate further con-
tributions from the participants.  Conversational knowledge circulation centers on 
conversation, aiming at circulating knowledge in a conversational fashion by captur-
ing information arising in conversations, organizing it into knowledge and applying 
knowledge to conversational situations.  It focuses on communicating intuitive and 
subjective aspects of knowledge representation in a situated fashion. 

3.1   Computational Framework of Conversational Knowledge Circulation 

Conversational knowledge circulation depends on a method of capturing and present-
ing information at conversational situations.  The result of conversation capture need 
to be packed into a some form of conversational content from which conversation will 
be reproduced.  Design of the data structure of conversational content is critical to the 
design of conversational knowledge circulation.  In general, the more sophisticated 
data structure is employed, the more flexible and reusable becomes conversational 
content, but the more complex algorithms may be required in implementation.  Typi-
cally, conversational content may be implemented as an annotated audio-video  
segment.  Although it is more useful if transcript of utterances or even semantic  
information is given as annotation, it will be more expensive and challenging to 
(semi-)automatically create high-quality annotated video clips.  Basic elements of 
conversational knowledge circulation are the augmented conversational environment 
equipped with sensors and actuators, the conversational agent, and the conversational 
content server.   

The augmented conversational environment is used for generating and presenting 
conversational content in the real world.  Not only participants’ conversational behav-
iors but also the objects and events referred to in conversation need to be captured.  
Although motion capture systems or eye trackers are useful devices for achieving the 
quality of data (such as accuracy or frequency), they may constrain the quality of 
interaction by compelling the participants to attach measurement devices or markers 
which may seriously distract natural conversations from time to time.  The conversa-
tion capture may be enhanced by introducing conversational robots that may move 
around the environment to capture information at appropriate viewpoints or even to 
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interview the participants to actively elicit knowledge. The key algorithms in smart 
environment and situated social artifacts are recognition of conversational environ-
ment and automated segmentation and annotation for captured conversation.   

Conversational agents are used to interactively present conversational content. A 
conversational agent may be an embodied conversational agent that lives in a virtual 
world simulating the subject world.  Alternatively, it may be a conversational robot 
that cohabits with people in a physical space.  Although it is still a big challenge to 
build a conversational robot that can exhibit a proper conversational behaviors, con-
versational robots may embody strong presence as an independent agent in conversa-
tion once they are realized.  In contrast, embodied conversational agents are portable 
over the net and versatile in expressing ideas without incurring by physical  
constraints, while their presence is often weaker than physical robots and their com-
municative expressions are usually bound to the two-dimensional display.  The key 
algorithms for conversational agents are generating proper conversational behaviors 
and presentation of conversational content according to the conversation status. 

Conversational content servers accumulate conversational content for distribution.  
Ideally, they may be equipped with a self-organization mechanism so that new conver-
sation content may be automatically associated with a existing collection of conversa-
tional content and the entire collection of conversational content may be organized 
systematically.  A less ambitious goal is to provide an visualizer and editor that may 
allow the user to browse the collection of conversational content, organize them into 
topic clusters, and create new conversational content from existing collection.    

In addition to the basic elements mentioned above, high-level functions may be in-
troduced to allow the users to utilize the collection of conversation content in collabo-
ration, discussion, and decision making.   

Figure 1 shows a simplified view of how the conversational knowledge circulation 
might be applied to the industrial environment where communication among customers 
and engineers are critical.  Emphasis is placed on enhancing the lower layers of com-
munity knowledge process.  It illustrates how conversations at the design, presentation 
and deployment stages might be supported by conversational knowledge circulation.   

At the design stage, the product is designed and possible usage scenarios are de-
veloped by discussions among engineers and sales managers.  The discussions contain 
valuable pieces of knowledge, such as intended usage or tips, that may also be useful 
to the users.  Conversational content about the product and service can be composed 
as a result of the design phase.  Conversational content may also used as an additional 
information source at the fabrication phase to help developers understand the inten-
tion of the design.   

At the presentation stage, the product and service are displayed to the potential cus-
tomers in an interactive fashion.  In order to make the interactive presentation widely 
available on the net, embodied conversational agents may be used as a virtual pre-
senter.  Embodied conversational agents will be able to cope with frequently asked 
questions using a collection of conversational content prepared in advance. When 
questions cannot be answered based on the prepared conversational content, the  
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Fig. 1. Conversational knowledge circulation applied to industrial environment 

engineer may control the presenter agent as an avatar to create a proper reply.  Such 
communication logs can be saved so that the service division may extend the “FAQ” 
conversational content for future questions.  Embodied conversational agents may be 
used as a surrogate of the customer to ensure the anonymous communication from the 
user.  The presentation stage can also be employed to train novices when the product 
and service is introduced to the user.   

At the deployment stage, conversations may contain various pieces of knowledge 
sources, such as the real usage scenario, evaluation from the user, complaints about 
the current service, demands for new services, etc.  The conversation between the user 
and system engineer may be captured by an intelligent sensing devices.  Service ro-
bots may be deployed to help the user as well as collect usage data.  The collected 
conversational content may be fed back to the design phase for improvement and 
further product and service development. 

It should be noted that the collection of (potential) customers, salespersons, and 
engineers forms a community that shares a common product and service.  CALV 
(Community-maintained Artifacts of Lasting Value) [75] is expected to be created as 
a result of the conversational knowledge circulation.  The more information and 
knowledge is circulated, the richer CALV may be obtained.   

3.2   Conversation Quantization 

Conversation quantization is a computational framework of circulating conversation 
quanta that encapsulates discourse units into annotated audio-visual video segments.  
Conversation quantization is based on the idea of approximating a continuous  
flow of conversation by a series of minimally coherent segments of discourse called 
conversation quanta [76].   
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Augmented conversational environment can be implemented as a smart meeting 
room or augmented environment that can provide conversation quanta with the partici-
pants according to the conversational state and produce conversation quanta by sensing 
conversational interaction among the participants.  The role of the conversation quanta 
capture is to (semi-)automatically produce a sequence of conversation quanta for a 
given conversation session. Fully automated conversation quanta capture is considered 
to be out of the scope of the current technology, for significant knowledge and techno-
logical development is required to segment conversations into small pieces and produce 
semantic annotation for conversational situations.  Saito et al [77] discussed human-
assisted production of conversation quanta.  Vickey [78] is an augmented conversational 
environment for a driving simulator.  It can ground the conversation on the events ob-
served through the simulated window of the vehicle, by analyzing pointing gestures of 
the participants. IMADE (the realworld Interaction Measurement, Analysis and Design 
Environment) [79] allows one to capture conversational behavior of a group of people 
with an optical motion capture device, wearable eye mark recorders, etc.  A tool called 
iCorpusStudio was developed for browsing, analyzing, or annotating an interaction 
corpus consisting of multimedia data streams obtained from sensing conversation  
sessions.    

Conversational agents have been implemented which will use conversation quanta 
to make speech acts in conversations.  Conversational agents may be virtual or physi-
cal.  Speech acts contain a full spectrum ranging from linguistic, paralinguistic, and 
nonlinguistic. EgoChat agents [80], SPOC and IPOC agents [81, 82]. GECA [83] 
provides a platform on which virtual agents are developed on an open platform using 
a markup language.  We have also developed listener and presenter robots [84, 85], 
though they still exhibit only basic nonverbal behaviors.   

The role of the conversational content server is to circulate conversation quanta in a 
team/group/community/society.  It should be able to deliver conversation quanta to 
situations on demand or proactively.  POC (Public Opinion Channel) [86, 22] imple-
ments part of the idea. The role of the conversation quanta manager is to accumulate a 
collection of conversation quanta.  SKG (Sustainable Knowledge Globe) [87] allows the 
user to visually accumulate a large amount of  conversational content on the CG sphere 
surface so that s/he can establish and maintain a sustainable external memory coevol-
ving with the internal memory.  A media converter may be used to translate conversa-
tion quanta from/to other information media such as videos or documents.  Kurohashi et 
al [88] developed a method for automatically creating a spoken-language script from a 
knowledge card consisting of a short text and a reference image.   

3.3   Technical Challenges 

There are many technical challenges to overcome to put conversation quantization in 
effect for conversational knowledge circulation.   

Challenges on the conversational environment are semantic and contextual proc-
essing.  Although it is highly desirable to annotate data with semantic information, 
difficulties may arise from the size and complexity of the semantic domain.  The 
dynamic nature of semantic information need to be addressed.  Meaning cannot be 
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predefined, for it arises dynamically in the interaction.  Contextual information should 
be handled properly.  When the discourse is well-shared, contextual information 
should be kept to the minimal, while maximal contextual information should be added 
when conversation quanta are transported to communities with different background.  
Thus, contextual information should be properly added or removed depending on the 
conversational situation.   

Challenges on the conversational agents are concerned with the naturalness of in-
teraction and presence of the agent.  In order to conduct natural interactions with the 
user, subtle nonverbal cues in interaction should be captured and reflected on the 
reactive behaviors of agent.  Large varieties of behaviors should be generated effi-
ciently.  Situatedness appears to be a key to naturalness.  Agents should be situated in 
the sense that they can allow the human to share information about objects and events 
in the environment.  The agents should at least partly share the way the humans may 
perceive the world.  When the agent lives in the virtual environment, the entire system 
should permit the user to feel the environment as if s/he is involved.  When the agent 
lives in the physical environment, the system should be able to recognize the ob-
jects/event the user is referring to and share the perception.  Social awareness must be 
supported by capturing and forwarding member’s status without violating privacy of 
the sender or disturbing the recipient. 

Furthermore, agents should be able to attract and sustain the attention of the user 
during the conversation session, by recognizing the user’s conversational status and 
managing the utterances based on the user’s status.  This requirement becomes more 
evident when the agent is interacting with more than one user.  The ultimate goal is to 
realize empathetic interaction between the human users and the agent.  Affective 
computing need to be introduced to have conversational agents behave naturally 
based on internal emotion model.  Although the agent must be able to recognize the 
user’s subtle change in emotional state, the emotional state of the user must be sensed 
without distracting her/him.   

Challenges on the conversational content server include a self-organizational in-
cremental memory and high-level social functions.  Incoming conversation quanta 
should be able to structurally organized into a collection of conversational content 
into coherent stories.  Automated digesting or summary is needed to navigate the user 
to a potentially large collection of conversation quanta.  The dynamic nature of the 
memory should be considered since conversation quanta may continuously come in.  
Automatic visualization might be needed to have the user intuitively grasp the accu-
mulated information.  The landscape of the collection of conversation quanta should 
be transformed gradually so that the users can track the change of the collection.  
High-level functions might be introduced to account for social awareness and well-
ness.  Social mechanisms such as trust, incentive, reciprocity, fairness, or atmosphere 
should be properly designed and assessed.   

In general, it is challenging to make sure that social intelligence is in fact incorpo-
rated in the design of community support system.  Green pointed out five challenges 
for this [89], namely supporting user-centered design for social intelligence; evaluat-
ing social intelligence; understanding the effect of social characteristics; ethical con-
siderations for social intelligence; and establishing & maintaining social intelligence. 
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4   Towards the Breakthrough 

In this section, I overview five projects aiming at overcoming the technical challenges 
in conversational knowledge circulation.   

4.1   Attentive Agents 

The goal of the attentive agent project is to build a conversational agent that can be-
have attentively to the dynamics of the interaction with multiple concurrent partici-
pants [90].  An agent can be said attentive if it can properly control its conversational 
behaviors according to the status and behaviors of other participants.  For example, 
the agent should keep quiet when other participants are discussing with each other for 
a while, whilst it can urge them to come back to the conversation if they have been off 
the discourse for a long while.  In case of talking with multiple concurrent partici-
pants, the agent need also to speak to a person who is considered to be a proper ad-
dressee.  In order to have the conversational agent behave according to such attentive 
utterance policies, a couple of indices have been introduced: AT (interaction activity) 
that indicates whether the users are active in their interactions or not, and CLP (con-
versation leading person) that denotes the participant who is the most likely leading 
the group during a certain period of the conversation session.  In order to overcome 
the limitation of two-dimensional agent coming from so-called the Mona Lisa Effect, 
three-dimensional physical pointer have been introduced to point to an intended ad-
dressee.  The ideas have been implemented into a quiz game agent that can host a quiz 
session with multiple users and evaluated.   

Ohmoto et al [91] addressed visual measurement of involvement of participants.  
Social atmosphere or extrinsic involvement attributed to the state of the group of 
participants as a whole is distinguished from intrinsic involvement attributed to that of 
an individual.  Although physiological indices can be used to identify the weak in-
volvement of a person affected by extrinsic involvement, participants of conversation 
are often reluctant to attach physiological sensing devices.  Ohmoto et al investigated 
the correlation between the physiological indices and visual indices measuring the 
moving distances and the speed of user’s motions, and have found that both intrinsic 
and extrinsic states of involvement can be detected with the accuracy of around 70% 
by changing the threshold level.   

4.2   From Observation to Interaction 

The goal of the autonomous interaction learner project is to build a robot that can 
autonomously develop natural behavior at three stages [92].  On the discovery stage, 
the robot attempts to discover the action and command space by watching the interac-
tion.  On the association stage, the robot attempts to associate discovered actions with 
commands.  The result of association will be represented as a probabilistic model that 
can be used both for behavior understanding and generation.  On the controller gen-
eration phase, the robot converts the behavioral model into an action controller so that 
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it can act in similar situations.  A number of novel algorithms have been developed.  
RSST (Robust Singular Spectrum Transform) is an algorithm that calculates likeli-
hood of change of dynamics in continuous time series without prior knowledge.  
DGCMD (Distance-Graph Constrained Motif Discovery) uses the result of RSST to 
discover motifs (recurring temporal patterns) from the given time series.  The associa-
tion algorithm estimates the natural delay between commands and actions so that it 
can properly associate commands (cause) with subsequent actions (effect).   

4.3   Situated Knowledge Management 

The goal of the situated knowledge management project is to develop a suite of algo-
rithms so that the system can recognize how knowledge is associated with real world 
objects and events.  The key algorithms are the real-time, light-weight object pose rec-
ognition algorithm that takes the CAD model (Piecewise Linear Complex) and the cam-
era-image of the target object to estimate the pose of the object with respect to the cam-
era [93, 94]; the interface for correcting the estimated pose; and a low-overhead three-
dimensional items drawing engine [95].  The suite works both in the augmented reality 
and augmented virtuality environments.  In the augmented reality environment,  it en-
ables to overlay annotations on the camera-image of the target object.  In the augmented 
virtuality environment, it allows for creating three-dimensional virtualized target object 
by automatically pasting surface texture.  The three-dimensional items drawing engine 
consists of a hand-held Augmented Reality (AR) system.  It allows the user to directly 
draw free three-dimensional lines in the context of the subject instruments.   

4.4   Self-Organizing Incremental Memory 

The goal of the incremental self-organizational memory project is to develop a self-
organizing incremental neural network that can make incremental unsupervised cluster-
ing of given segments of time series.  We have developed HB-SOINN (HMM-Based 
Self Organizing Incremental Neural Network) that uses HMM (Hidden Markov Model) 
as a preprocessor of SOINN so that the resulting system can handle the variable length 
patterns into fixed length patterns [96].  The role of HMM is to reduce dimensions of 
sequence data and to map variable length sequences into vectors of fixed dimension.  
HMM contributes to robust feature extraction from sequence patterns, which allows for 
similar statistical features to be extracted from sequence patterns of the same category.  
As a result of empirical experiments, it has turned out that HB-SOINN can generate a 
fewer number of clusters than a few competitive batch clustering algorithms. 

4.5   Immersive Conversation Environment 

The goal of the immersive conversation environment is to build an ambient environ-
ment that can provide the human operator with a feeling as if s/he stayed “inside” a 
conversation robot or embodied conversational agent to receive incoming  visual and 
auditory signals and to create conversational behaviors in a natural fashion  [97].  The 
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immersive conversation environment will be used to pursue Wizard of Oz experi-
ments with the embodiment of a conversational robot or an embodied conversational 
agent.  A 360-degree visual display can reproduce an immersive view around a con-
versational agent.  The current display system uses eight 64-inch display panels ar-
ranged in a circle with about 2.5 meters diameter.  Eight surround speakers are used to 
reproduce the acoustic environment.  It is designed to collect detailed information 
about how the operator behaves in varying conversational scenes.   

5   Conclusion 

Knowledge circulation not only decreases uneven distribution of knowledge in a 
community but also improves the coverage and quality of the shared knowledge.  In 
this paper, I shed light on social aspects of knowledge circulation.  First, I have  
overviewed social intelligence design and discussed how the insights obtained so far 
might be applied to the design, implementation and evaluation of knowledge circula-
tion.  Then, I have presented a generic framework of conversational knowledge  
circulation in which conversation is used as a primary means for communicating 
knowledge.  Finally, I have presented recent results in conversational quantization for 
conversational knowledge circulation.    

References 

[1] Kitsuregawa, M.: Challenge for Info-plosion. In: Corruble, V., Takeda, M., Suzuki, E. 
(eds.) DS 2007. LNCS (LNAI), vol. 4755, pp. 1–8. Springer, Heidelberg (2007) 

[2] Nishida, T.: Social Intelligence Design – An Overview. In: Terano, T., Nishida, T., Na-
matame, A., Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS (LNAI), 
vol. 2253, pp. 3–10. Springer, Heidelberg (2001) 

[3] Nishida, T.: Social Intelligence Design and Human Computing. In: Huang, T.S., Nijholt, 
A., Pantic, M., Pentland, A. (eds.) ICMI/IJCAI Workshops 2007. LNCS (LNAI), 
vol. 4451, pp. 190–214. Springer, Heidelberg (2007) 

[4] Fruchter, R., Nishida, T., Rosenberg, D.: Understanding Mediated Communication: the 
Social Intelligence Design (SID) Approach. AI Soc. 19(1), 1–7 (2005) 

[5] Nijholt, A., Nishida, T.: Social Intelligence Design for Mediated Communication. AI 
Soc. 20(2), 119–124 (2006) 

[6] Fruchter, R., Nishida, T., Rosenberg, D.: Mediated Communication in Action: a Social 
Intelligence Design Approach. AI Soc. 22(2), 93–100 (2007) 

[7] Miura, A., Matsumura, N.: Social Intelligence Design: a Junction between Engineering 
and Social Sciences. AI Soc. 23(2), 139–145 (2009) 

[8] Nijholt, A., Stock, O., Nishida, T.: Social Intelligence Design in Ambient Intelligence. AI 
Soc. 24(1), 1–4 (2009) 

[9] http://cdr.uprrp.edu/SID2008/default.htm 
[10] http://www.ii.ist.i.kyoto-u.ac.jp/sid/sid2009/ 
[11] Davenport, T.H., Prusak, L.: Working Knowledge. Harvard Business School Press (2000) 
[12] Nonaka, I., Takeuchi, H.: The Knowledge-Creating Company: How Japanese Companies 

Create the Dynamics of Innovation. Oxford University Press, Oxford (1995) 



138 T. Nishida 

 

[13] Azechi, S.: Informational Humidity Model: Explanation of Dual Modes of Community 
for Social Intelligence Design. AI Soc. 19(1), 110–122 (2005) 

[14] Caire, P.: Designing Convivial Digital Cities: a Social Intelligence Design Approach. AI 
Soc. 24(1), 97–114 (2009) 

[15] Katai, O., Minamizono, K., Shiose, T., Kawakami, H.: System Design of “Ba”-like 
Stages for Improvisational Acts via Leibnizian Space-time and Peirce’s Existential Graph 
Concepts. AI Soc. 22(2), 101–112 (2007) 

[16] Ohguro, T., Kuwabara, K., Owada, T., Shirai, Y.: FaintPop: In Touch with the Social Re-
lationships. In: Terano, T., Nishida, T., Namatame, A., Tsumoto, S., Ohsawa, Y., Washio, 
T. (eds.) JSAI-WS 2001. LNCS (LNAI), vol. 2253, pp. 11–18. Springer, Heidelberg 
(2001) 

[17] Nakata, K.: Enabling Public Discourse. In: Terano, T., Nishida, T., Namatame, A., Tsu-
moto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS (LNAI), vol. 2253, pp. 
59–66. Springer, Heidelberg (2001) 

[18] Nijholt, A.: From Virtual Environment to Virtual Community. In: Terano, T., Nishida, T., 
Namatame, A., Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS 
(LNAI), vol. 2253, pp. 19–26. Springer, Heidelberg (2001) 

[19] Thomas, J.C.: Collaborative Innovation Tools. In: Terano, T., Nishida, T., Namatame, A., 
Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS (LNAI), vol. 2253, 
pp. 27–34. Springer, Heidelberg (2001) 

[20] Erickson, T.: ’Social’ Systems: Designing Digital Systems that Support Social Intelli-
gence. AI Soc. 23(2), 147–166 (2009) 

[21] Luhrs, R., Malsch, T., Voss, K.: Internet, Discourses, and Democracy. In: Terano, T., Ni-
shida, T., Namatame, A., Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. 
LNCS (LNAI), vol. 2253, pp. 67–74. Springer, Heidelberg (2001) 

[22] Fukuhara, T., Nishida, T., Uemura, S.: Public Opinion Channel: A System for Augment-
ing Social Intelligence of a Community. In: Terano, T., Nishida, T., Namatame, A., Tsu-
moto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS (LNAI), vol. 2253, pp. 
51–58. Springer, Heidelberg (2001) 

[23] Fukuhara, T., Murayama, T., Nishida, T.: Analyzing Concerns of People from Weblog 
Articles. AI Soc. 22(2), 253–263 (2007) 

[24] Blake, E.H., Tucker, W.D.: User Interfaces for Communication Bridges across the Digital 
Divide. AI Soc. 20(2), 232–242 (2006) 

[25] Fujihara, N.: How to Evaluate Social Intelligence Design. In: Terano, T., Nishida, T., 
Namatame, A., Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS 
(LNAI), vol. 2253, pp. 75–84. Springer, Heidelberg (2001) 

[26] Notsu, A., Ichihashi, H., Honda, K., Katai, O.: Visualization of Balancing Systems based 
on Naïve Psychological Approaches. AI Soc. 23(2), 281–296 (2009) 

[27] Miura, A., Shinohara, K.: Social Intelligence Design in Online Chat Communication: a 
Psychological Study on the Effects of “Congestion”. AI Soc. 19(1), 93–109 (2005) 

[28] Miura, A., Fujihara, N., Yamashita, K.: Retrieving Information on the World Wide Web: 
Effects of Domain Specific Knowledge. AI Soc. 20(2), 221–231 (2006) 

[29] Matsumura, N., Miura, A., Shibanai, Y., Ohsawa, Y., Nishida, T.: The Dynamism of 
2channel. AI Soc. 19(1), 84–92 (2005) 

[30] ter Hofte, G.H., Mulder, I., Verwijs, C.: Close Encounters of the Virtual Kind: a Study on 
Place-based Presence. AI Soc. 20(2), 151–168 (2006) 

[31] Morio, H., Buchholz, C.: How Anonymous are You Online? Examining Online Social 
Behaviors from a Cross-cultural Perspective. AI Soc. 23(2), 297–307 (2009) 



 Social Intelligence Design for Knowledge Circulation 139 

 

[32] Furutani, K., Kobayashi, T., Ura, M.: Effects of Internet Use on Self-Efficacy: Perceived 
Network-Changing Possibility as a Mediator. AI Soc. 23(2), 251–263 (2009) 

[33] Moriyama, J., Kato, Y., Aoki, Y., Kito, A., Behnoodi, M., Miyagawa, Y., Matsuura, M.: 
Self-Efficacy and Learning Experience of Information Education: in Case of Junior High 
School. AI Soc. 23(2), 309–325 (2009) 

[34] Fruchter, R.: Bricks & Bits & Interaction. In: Terano, T., Nishida, T., Namatame, A., 
Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-WS 2001. LNCS (LNAI), vol. 2253, 
pp. 35–42. Springer, Heidelberg (2001) 

[35] Fruchter, R., Cavallin, H.: Developing Methods to Understand Discourse and Workspace 
in Distributed Computer-Mediated Interaction. AI Soc. 20(2), 169–188 (2006) 

[36] Fruchter, R., Swaminathan, S., Boraiah, M., Upadhyay, C.: Reflection in Interaction. AI 
Soc. 22(2), 211–226 (2007) 

[37] Cornillon, J., Rosenberg, D.: Dialogue Organisation in Argumentative Debates. AI 
Soc. 19(1), 48–64 (2005) 

[38] Cornillon, J., Rosenberg, D.: Experiment in Social Intelligence Design. AI Soc. 22(2), 
197–210 (2007) 

[39] Rosenberg, D., Foley, S., Lievonen, M., Kammas, S., Crisp, M.J.: Interaction Spaces in 
Computer-Mediated Communication. AI Soc. 19(1), 22–33 (2005) 

[40] González, V.M., Mark, G.: Constant, Constant, Multi-tasking Craziness: Managing Mul-
tiple Working Spheres. In: CHI 2004, pp. 113–120 (2004) 

[41] Mark, G., Gudith, D., Klocke, U.: The Cost of Interrupted Work: More Speed and Stress. 
In: CHI 2008, pp. 107–110 (2008) 

[42] Su, N.M., Mark, G.: Communication chains and multitasking. In: CHI 2008, pp. 83–92 
(2008) 

[43] Martin, W.M., Heylighen, A., Cavallin, H.: The Right Story at the Right Time. AI 
Soc. 19(1), 34–47 (2005) 

[44] Fruchter, R.: Degrees of Engagement in Interactive Workspaces. AI Soc. 19(1), 8–21 
(2005) 

[45] Heylighen, A., Heylighen, F., Bollen, J., Casaer, M.: Distributed (Design) Knowledge 
Exchange. AI Soc. 22(2), 145–154 (2007) 

[46] Stock, O., Zancanaro, M., Rocchi, C., Tomasini, D., Koren, C., Eisikovits, Z., Goren-Bar, 
D., Weiss, P.L.T.: The Design of a Collaborative Interface for Narration to Support Rec-
onciliation in a Conflict. AI Soc. 24(1), 51–59 (2009) 

[47] Merckel, L., Nishida, T.: Enabling Situated Knowledge Management for Complex In-
struments by Real-time Reconstruction of Surface Coordinate System on a Mobile De-
vice. AI Soc. 24(1), 85–95 (2009) 

[48] Pumareja, D.T., Sikkel, K.: Getting Used with Groupware: a First Class Experience. AI 
Soc. 20(2), 189–201 (2006) 

[49] Cavallin, H., Martin, W.M., Heylighen, A.: How Relative Absolute can be: SUMI and the 
Impact of the Nature of the Task in Measuring Perceived Software Usability. AI 
Soc. 22(2), 227–235 (2007) 

[50] Suzuki, K., Morimoto, I., Mizukami, E., Otsuka, H., Isahara, H.: An Exploratory Study 
for Analyzing Interactional Processes of Group Discussion: the Case of a Focus Group 
Interview. AI Soc. 23(2), 233–249 (2009) 

[51] Nijholt, A., op den Akker, R., Heylen, D.: Meetings and Meeting Modeling in Smart En-
vironments. AI Soc. 20(2), 202–220 (2006) 

[52] Reidsma, D., op den Akker, R., Rienks, R., Poppe, R., Nijholt, A., Heylen, D., Zwiers, J.: 
Virtual Meeting Rooms: from Observation to Simulation. AI Soc. 22(2), 133–144 (2007) 



140 T. Nishida 

 

[53] Rienks, R., Nijholt, A., Barthelmess, P.: Pro-active Meeting Assistants: Attention Please! 
AI Soc. 23(2), 213–231 (2009) 

[54] Mark, G., DeFlorio, P.: HDTV: a Challenge to Traditional Video Conferences? Publish-
only paper, SID-2001 (2001) 

[55] Gill, S.P., Borchers, J.: Knowledge in Co-action: Social Intelligence in Collaborative De-
sign Activity. AI Soc. 17(3-4), 322–339 (2003) 

[56] Shoji, H., Hori, K.: S-Conart: an Interaction Method that Facilitates Concept Articulation 
in Shopping Online. AI Soc. 19(1), 65–83 (2005) 

[57] Shoji, H., Fujimoto, K., Hori, K.: PLASIU: a System that Facilitates Creative Decision-
making in Job-hunting. AI Soc. 23(2), 265–279 (2009) 

[58] Gal, E., Bauminger, N., Goren-Bar, D., Pianesi, F., Stock, O., Zancanaro, M., Weiss, 
P.L.T.: Enhancing Social Communication of Children with High-functioning Autism 
through a Co-located Interface. AI Soc. 24(1), 75–84 (2009) 

[59] Yin, Z., Fruchter, R.: I-Dialogue: Information Extraction from Informal Discourse. AI 
Soc. 22(2), 169–184 (2007) 

[60] Biswas, P., Fruchter, R.: Using Gestures to Convey Internal Mental Models and Index 
Multimedia Content. AI Soc. 22(2), 155–168 (2007) 

[61] Ohmoto, Y., Ueda, K., Ohno, T.: Real-time System for Measuring Gaze Direction and 
Facial Features: towards Automatic Discrimination of Lies using Diverse Nonverbal In-
formation. AI Soc. 23(2), 187–200 (2009) 

[62] Xu, Y., Hiramatsu, T., Tarasenko, K., Nishida, T., Ogasawara, Y., Tajima, T., Hatake-
yama, M., Okamoto, M., Nakano, Y.I.: A Two-layered Approach to Communicative Arti-
facts. AI Soc. 22(2), 185–196 (2007) 

[63] Xu, Y., Ueda, K., Komatsu, T., Okadome, T., Hattori, T., Sumi, Y., Nishida, T.: WOZ 
Experiments for Understanding Mutual Adaptation. AI Soc. 23(2), 201–212 (2009) 

[64] Mohammad, Y.F.O., Nishida, T.: Interactive Perception for Amplification of Intended 
Behavior in Complex Noisy Environments. AI Soc. 23(2), 167–186 (2009) 

[65] Mohammad, Y.F.O., Nishida, T.: Toward Combining Autonomy and Interactivity for So-
cial Robots. AI Soc. 24(1), 35–49 (2009) 

[66] Yamashita, K., Kubota, H., Nishida, T.: Designing Conversational Agents: Effect of 
Conversational Form on Our Comprehension. AI Soc. 20(2), 125–137 (2006) 

[67] Poel, M., Heylen, D., Nijholt, A., Meulemans, M., van Breemen, A.J.N.: Gaze Behaviour, 
Believability, Likability and the iCat. AI Soc. 24(1), 61–73 (2009) 

[68] Nomura, T., Kanda, T., Suzuki, T.: Experimental Investigation into Influence of Negative 
Attitudes toward Robots on Human-Robot Interaction. AI Soc. 20(2), 138–150 (2006) 

[69] Roest, G.B., Szirbik, N.B.: Escape and Intervention in Multi-agent Systems. AI 
Soc. 24(1), 25–34 (2009) 

[70] Rehm, M., Endraß, B.: Rapid Prototyping of Social Group Dynamics in Multiagent Sys-
tems. AI Soc. 24(1), 13–23 (2009) 

[71] Mao, W., Gratch, J.: Modeling Social Inference in Virtual Agents. AI Soc. 24(1), 5–11 
(2009) 

[72] Pan, X., Han, C.S., Dauber, K., Law, K.H.: A Multi-agent based Framework for the 
Simulation of Human and Social Behaviors during Emergency Evacuations. AI 
Soc. 22(2), 113–132 (2007) 

[73] Cardon, A.: A Distributed Multi-agent System for the Self-Evaluation of Dialogs. In: 
Terano, T., Nishida, T., Namatame, A., Tsumoto, S., Ohsawa, Y., Washio, T. (eds.) JSAI-
WS 2001. LNCS (LNAI), vol. 2253, pp. 43–50. Springer, Heidelberg (2001) 



 Social Intelligence Design for Knowledge Circulation 141 

 

[74] Nishida, T.: Supporting the Conversational Knowledge Process in the Networked Com-
munity. In: Bianchi-Berthouze, N. (ed.) DNIS 2003. LNCS, vol. 2822, pp. 138–157. 
Springer, Heidelberg (2003) 

[75] Cosley, D., Frankowski, D., Terveen, L.G., Riedl, J.: Using Intelligent Task Routing and 
Contribution Review to Help Communities Build Artifacts of Lasting Value. In: CHI 
2006, pp. 1037–1046 (2006) 

[76] Nishida, T.: Conversation Quantisation for Conversational Knowledge Process. Interna-
tional Journal of Computational Science and Engineering (IJCSE) 3(2), 134–144 (2007) 

[77] Saito, K., Kubota, H., Sumi, Y., Nishida, T.: Analysis of Conversation Quanta for Con-
versational Knowledge Circulation. J. UCS 13(2), 177–185 (2007) 

[78] Okamura, G., Kubota, H., Sumi, Y., Nishida, T., Tsukahara, H., Iwasaki, H.: Quantiza-
tion and Reuse of Driving Conversations. Transactions of Information Processing Society 
of Japan 48(12), 3893–3906 (2007) 

[79] Sumi, Y., Nishida, T., Bono, M., Kijima, H.: IMADE: Research Environment of Real-
world Interactions for Structural Understanding and Content Extraction of Conversation. 
Journal of Information Processing Society of Japan 49(8), 945–949 (2008) (in Japanese) 

[80] Kubota, H., Nishida, T.: Channel Design for Strategic Knowledge Interaction. In: Palade, 
V., Howlett, R.J., Jain, L. (eds.) KES 2003. LNCS, vol. 2773, pp. 1037–1043. Springer, 
Heidelberg (2003) 

[81] Nakano, Y.I., Murayama, T., Nishida, T.: Multimodal Story-based Communication: Inte-
grating a Movie and a Conversational Agent. IEICE Transactions Information and Sys-
tems E87-D(6), 1338–1346 (2004) 

[82] Okamoto, M., Nakano, Y.I., Okamoto, K., Matsumura, K., Nishida, T.: Producing Effec-
tive Shot Transitions in CG Contents based on a Cognitive Model of User Involvement. 
IEICE Transactions of Information and Systems Special Issue of Life-like Agent and Its 
Communication, IEICE Trans. Inf. & Syst. E88-D(11), 2623–2532 (2005) 

[83] Huang, H.H., Nishida, T., Cerekovic, A., Pandzic, I.S., Nakano, Y.I.: The Design of a 
Generic Framework for Integrating ECA Components. In: AAMAS, pp. 128–135 (2008) 

[84] Nishida, T., Fujihara, N., Azechi, S., Sumi, K., Yano, H., Hirata, T.: Public Opinion 
Channel for Communities in the Information Age. New Generation Comput. 17(4), 417–
427 (1999) 

[85] Nishida, T., Terada, K., Tajima, T., Hatakeyama, M., Ogasawara, Y., Sumi, Y., Xu, Y., 
Mohammad, Y.F.O., Tarasenko, K., Ohya, T., Hiramatsu, T.: Towards Robots as an Em-
bodied Knowledge Medium, Invited Paper, Special Section on Human Communication 
II. IEICE TRANSACTIONS on Information and Systems E89-D(6), 1768–1780 (2006) 

[86] Ohya, T., Hiramatsu, T., Xu, Y., Sumi, Y., Nishida, T.: Robot as an Embodied Knowl-
edge Medium – Having a Robot Talk to Humans using Nonverbal Communication 
Means. In: Social Intelligence Design 2006 (SID 2006), Osaka (2006) 

[87] Kubota, H., Nomura, S., Sumi, Y., Nishida, T.: Sustainable Memory System Using 
Global and Conical Spaces. J. UCS 13(2), 135–148 (2007) 

[88] Kurohashi, S., Kawahara, D., Shibata, T.: Automatic Text Presentation for the Conversa-
tional Knowledge Process. In: Nishida, T. (ed.) Conversational Informatics: an Engineer-
ing Approach, pp. 201–216. Wiley, Chichester (2007) 

[89] Green, W., de Ruyter, B.: The Design & Evaluation of Interactive Systems with Per-
ceived Social Intelligence: Five Challenges. Presented at the Seventh International Work-
shop on Social Intelligence Design, San Juan, Puerto Rico (2008) 

[90] Huang, H.H., Nakano, Y.I., Nishida, T., Furukawa, T., Ohashi, H., Cerekovic, A., 
Pandzic, I.S.: How multiple concurrent users react to a quiz agent attentive to the dynam-
ics of their game participation. In: AAMAS (2010) (to be presented) 



142 T. Nishida 

 

[91] Ohmoto, Y., Miyake, T., Nishida, T.: A Method to Understand an Atmosphere based on 
Visual Information and Physiological Indices in Multi-user Interaction. Presented at the 
Seventh International Workshop on Social Intelligence Design, Kyoto, Japan (2009) 

[92] Mohammad, Y.F.O., Nishida, T., Okada, S.: Unsupervised Simultaneous Learning of 
Gestures, Actions and their Associations for Human-Robot Interaction. In: IEEE/RSJ In-
ternational Conference on Intelligent RObots and Systems, Intelligent Robots and Sys-
tems (IROS 2009), pp. 2537–2544 (2009) 

[93] Merckel, L., Nishida, T.: Enabling Situated Knowledge Management for Complex In-
struments by Real-time Reconstruction of Surface Coordinate System on a Mobile De-
vice. AI Soc. 24(1), 85–95 (2009) 

[94] Merckel, L., Nishida, T.: Multi-interfaces Approach to Situated Knowledge Management 
for Complex Instruments: First Step toward Industrial Deployment. In: AI Soc. (2010), 
(online first) doi:10.1007/s00146-009-0247-9 

[95] Merckel, L., Nishida, T.: Low-Overhead 3D Items Drawing Engine for Communicating 
Situated Knowledge. In: Liu, J., Wu, J., Yao, Y., Nishida, T. (eds.) AMT 2009. LNCS, 
vol. 5820, pp. 31–41. Springer, Heidelberg (2009) 

[96] Okada, S., Nishida, T.: Incremental Clustering of Gesture Patterns based on a Self Orga-
nizing Incremental Neural Network. In: Proceedings of International Joint Conference on 
Neural Networks, Atlanta, Georgia, USA, June 14-19, pp. 2316–2322 (2009) 

[97] Ohmoto, Y., Ohashi, H., Nishida, T.: Proposition of Capture and Express Behavior Envi-
ronment (CEBE) for Realizing Enculturating Human-agent Interaction (submitted) 

 


	Social Intelligence Design for Knowledge Circulation
	Introduction
	Social Intelligence Design
	The Idea of Social Intelligence Design -- Its Origin and Development
	The Networked Interactions on the Macroscopic Level
	The Structured Interactions on the Mesoscopic Level
	The Fast Interaction Loop on the Microscopic Level
	Knowledge Circulation in the Context of Social Intelligence Design

	Conversational Knowledge Circulation
	Computational Framework of Conversational Knowledge Circulation
	Conversation Quantization
	Technical Challenges

	Towards the Breakthrough
	Attentive Agents
	From Observation to Interaction
	Situated Knowledge Management
	Self-Organizing Incremental Memory
	Immersive Conversation Environment

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




