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Abstract. The rapid development of computer and Internet enables people who 
have common interests to build loosely coupled networked communities. 
Through stimulating individual’s creativity to augment community’s 
communicative and collaborative abilities for acquiring new ideas and 
knowledge is becoming highlight research and achieving more and more experts’ 
attentions. In this paper, we focus on exploring effective computerized 
collaborative support for enhancing human’s creativity for networked 
community. Versatile aids are explored, such as visualization of expert opinion 
structure, clustering of contributed opinions for concept formation and 
idea/knowledge detecting and growing, etc. all integrated into a group 
argumentation environment (GAE) with a simple example. 
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1   Introduction 

In daily life, many interesting phenomena can be described and explained through 
network. For instance, scale free network [1], such as World Wide Web, actor 
connectivity and science coauthorship, can aid to solve practical problems better. Also, 
social network has become one of highlights in academic research. Social network 
analysis (SNA) pays more attention to the relationships between people, and their roles 
played in the network [2]. Above all, computers and computer networks as  advanced 
information techniques has been becoming an integral part of our life. It promotes and 
facilitates the research on network and its phenomena, such as powerful development 
and advancement on electric business, networked economy and knowledge network- 
ing, etc. Via the network, people who gather with common interests, form common 
ground and consensus. That builds the funentmental organization as a vitual team, 
networked group or community, even society. Global networking provides the 
convenient way to facilitate communication and interaction free from the limitation of 
time and location.  

In general, community as a group allows free discussion, speech, brainstorming, 
dynamic data/information/knowledge sharing and transferring [3]. Debate, negotiation, 
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argumentation and consensus building are common communicative and collaborative 
activities for community. Collaboration and technical support collaborative tools are 
key elements for productivity of improvement in both physical and networked settings. 
Nunamaker divided collaboration into three levels toward problem solving: the first 
one is collective level, in which individuals are independent and uncoordinated. 
Community starts from individuals, while an individual is a potentially unique 
community. The second one is coordinative level. All community’s individuals are 
limited to share their information in this level. The highest level is concerted level in 
which collaborative communities are established [4]. In our opinions, accordingly, 
some technical applications can be easily found to match the three levels. Personal Web 
homepages, advertisements, etc. can work as collective level; BBS, forum, messager, 
etc, for information sharing can represent the coordinative level; The highest level tools 
may include group support system (GSS), computer supported cooperative work 
(CSCW), etc. Similar to Nunamaker’s view, Mase et, al also provided three modes 
from the group thinking perspective. Individual thinking mode as the foundation for 
group thinking is the thinking of community’s each constituent member. There is no 
interaction and individual’s deep thinking in isolation. The cooperative thinking mode 
is also referred as the communication mode. Individuals as pre-community work 
together cooperatively to understand each other through their interaction. Furthermore, 
community can not only share their information and ideas, but create new things all 
together in collaborative thinking mode [5]. New creation and favorable collaborative 
tools are the important factors to build and maintain a positive and active networked 
community.  

Based on the different type of communities, new creation can be new design, new 
products and new theories, etc. Expert community through distributed argumentation, 
pays more attention to the created and emerged new ideas, new knowledge, even their 
wisdoms. For that, how to effectively and efficiently exploit individuals’ implicit 
knowledge, externalize their mental models, stimulate his/her intuition, insight and 
creativity, and augment their communicative and interactive abilities together with 
computerized support is a major concern. The content or platform for group 
collaboration for the networked community also can be called ‘ba’, a Japanese word, 
where idea/knowledge is created, shared and exploited for different domains’ experts 
for creative problem solving [6].  

In this paper, we concentrate on computerized collaborative support for enhancing 
human’s creativity for networked community during argumentation process. Versatile 
computerized aids have been developed, such as visualization of expert opinion 
structure, clustering of contributed opinions for concept formation and idea/knowledge 
detecting and growing, etc. all integrated into a group argumentation environment 
(GAE), to support the emergence of a ba for knowledge creation.  

2   Computerized Support for Enhancing Information Sharing and  
     Knowledge Creation for Networked Community 

To facilitate group argumentation for enhancing information sharing and knowledge 
creation for networked community, heavy endeavors have been engaged in 
computerized support with tremendous advances of information and network 
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technologies. Absorbing some ideas from AIDE [7], AA1 [8], the architecture of we 
developed versatile aids for community is given. 

2.1   Architecture of Computerized for Group Argumentation 

Fig. 1 shows the four layers of the architecture of the integrated group argumentation 
environment (GAE) which is based on client/server framework and mainly includes an 
online electronic brainstorming argumentation room (BAR). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Both user interfacing layer and core functional layer show what can be achieved at 

client window of BAR, though some services provided by server. Firstly, GAE can be 
regarded as a ‘ba’ for networked community. Furthermore, by providing visualized 
thinking structure during the group working process together with a variety of 

Fig. 1. Architecture of Group Argumentation Environment 
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analytical mechanisms about the process and participants, it aims to support emergence 
of creativity, even wisdom. Follows introduce some salient functions. 

2.2   Visualized Shared Memory for Group Argumentation 

As shown in Fig. 2(a), the main client window for visualized shared memory is 
consisted of event record area, dialoguing area and visualizing area. 

Visualized analysis transforms qualitative knowledge into a 2-dimenstional map, 
which helps the participants to understand community’s others’ opinions easier, find 
common interest, stimulate further thinking, acquire intuition and insight, facilitate 
knowledge sharing and new ideas generation. Following are two visualized viewers: 

Common viewer, a discussion space as a joint thought space for all participants of 
community. Via the 2-dimensional space, the idea association process to stimulate 
participants’ thinking, idea generation, tacit knowledge surfacing and even wisdom 
emergence is exhibited based on the utterances and keywords from participants. The 
global structure and relationships between participants and their utterances are shared 
by all participants in the session. It helps users to acquire a general impression about 
each participant’s contributions toward the discussing topic, and understand the 
relationships of each thinking structure about the topic between participants. 

Personal viewer, a personalized space where records individual thinking process 
during discussion. It provides a personalized idea-gathering space where the 
relationships between utterances and keywords are visualized. Individual creativity 
may be stimulated through personalized work via this personalized space. It helps the 
user to understand how one piece of information (utterance) affects the group thinking 
process and understand the relationships between each participant’s mental process. 

Fig. 2(b) shows retrospective analysis which applies same mechanism as both 
viewers and provides participants to “drill down” the discussing process for visualized 
partial perspectives. Further analysis of pieces of discussion such as selected intervals 
of discussion or combination of any selected participants may be helpful to detect the 
existence or formulating process of a micro community and acquire further 
understanding about participants’ thinking structure.  

From the visualized structure about the discussion in the course, the standpoints of 
participants could be estimated based on distances between participants. All those are 
based on a mn ×  frequency matrix constructed by n utterance-objects and m  
keyword-objects (see the Table 1). In general, the matrix is a sparse matrix since 
keywords are only mentioned by some utterances. This frequency matrix is changing 
dynamically. As more utterances submitted, more rows and columns are appended. By 
the terms of graph theory, frequency matrix describes the relations between vertex 
(participants or utterances) and edge (sharing keywords).  

In Table 1, where ijw =0, when keyword j is not mentioned in utterance i otherwise, 

ijw = ijW . The weighting policy is as follows: keywords appearing frequently throughout 

an entire argumentation process are very general words, which are not important for the 
utterance-object and are lightly weighted. On the other hand, keywords frequently used 
in a certain utterance-object or referred again after a long interval are important for the 
utterance-object [9]. 
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We applied an exploratory, descriptive multi-variant statistical method—dual 

scaling, to analyze and process the matrix [10,11]. Dual scaling has some of the 
characteristics of correspondence analysis and exploratory factor analysis. The math 
underlying dual scaling is based on calculations of eigenvectors and eigenvalues of a 
frequency matrix. As a result, a pair of utterances with more common keywords may 
locate closer in the 2-dimention space. In the common viewer, utterance object is the 
participants; participants who share more keywords may be within a cluster. Here share 
keywords may mean participants hold similar concerns toward those keywords.  

Different from the topological graph, the above algorithm formed graph is an 
interpretable graph, which reflects the data’s nature in the database. But the topological 
structures have been designed and the forms are structured. In our research, we want to 
cluster the utterances and keywords of the experts in networked community, and the 
aim is to externalize the mental process of the human thinking. Here, we think, the 
interpretable diagram is more suitable to embody the thinking activities than the 
topological graph. 

2.3   Facilitator Agent 

If fewer ideas are contributed by participants, the chairman can launch facilitator agent. 
Once every two minutes in default, the agent extracts the most infrequently posted 
keyword and submits it with the userID of “Conversation” if no more keywords are 
provided. It not only takes a more fervor environment, also stimulates participants’ 
further thinking and interaction. As far as the most infrequent keyword is concerned, it 
effectively extends ideation of participants because they have to keep silence if no more 
new ideas can be produced after focusing heavily on one thesis for a long time. In a 
word, “Conversation” can help create new great ideas as a virtual participant. Appling 
facilitator agent participant in argumentation process also embodies the man-machine 
interaction.  

Table 1. Utterance sets and keyword sets 
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2.4   Record of Original Keyword Provider 

Boden distinguishes creativity into two senses: psychological creativity (P-creativity), 
and historical one (H-creativity). A valuable idea is P-creative if the person in whose 
mind it arises could not have had it before, no matter how many people may have had 
the same idea already. By contrast, a valuable idea is H-creative if it is P-creative and 
no one else has ever had it before with respect to the whole of human history [12]. We 
agree to Boden’s claim that P-creativity is more critical than H-creativity. In group 
argumentation, if you are the original keyword provider, the keywords which represent 
your ideas are your P-creativity results, as shown in Fig. 2(c). The function of record of 
original keyword provider in GAE system is to assist the users in finding what they had 
not noticed so far (P-creativity) that could lead them to really creative work at last. 

2.5   Concept Formation 

Concept formation means automatic summarizing and clustering of experts’ utterances 
and detecting the typical keywords as meaningful groups or sub-communities of ideas 
based on visualized maps. The following are two methods to support concept 
formation: 

1) Automatic affinity diagram (AAD): sometimes called the KJ diagram after its 
creator, Kawkita Jiro. AAD is to map the 2-dimension personal structure into 16×16 
grids. As Fig. 2(e) showed, those utterances which fall into same cell are regarded as 
one cluster. 

2) Centroidal clustering algorithm: centroid is the center of each set produced with 

cluster and given by ∑
=

=
n

i

mim t
n

C
1

1 . Combining K-means clustering method [13], which 

equation is ∑
=

=
m

j

iji t
m

m
1

1 , we use it to get k centroids, where k is an assumed number of 

clusters. The closest keyword to the centroid could be regarded as cluster label. 

2.6   Idea/Knowledge Detecting and Growing During Argumentation Process 

During group argumentation process, participants contribute and share their opinions 
(utterances, keywords) continuously. Locating and detecting current focuses and some 
representative ideas from the mass information with some quantitative methods may 
help stimulate experts’ further thinking. For that, clustering algorithm of centroid is 
used to extract those typical keywords as ideas/knowledge based on the 
two-dimensional maps produced in common viewer of GAE. The concrete algorithm is 
shown in 2.5. Through recording series of extracted keywords at different given time, 
the process of idea/knowledge growing and evolution in group argumentation is 
explained well, as shown in Fig. 2(f). 

The detailed introduction of other functions of GAE, such as evaluation of 
participation by calculation of eigenvectors about agreement matrix and dissimilarity 
matrix for further testing of some assumptions about individual impacts towards group 
behaviors, and information support for customized search, abstract and summarization, 
can see the reference [14]. 
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Fig. 2. Client Window of BAR (a) Main client window, b(b) Retrospective viewer, (c) Original 
keyword provider, (d) Clustering analysis (K=3), (e) KJ Editor (16×16), (f) Argumentation 
Evolution Process 
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3   An Example of GAE 

In this example, the topic for discussion is about group support systems. Four persons 
whose registered IDs are Tang, Liu, MSKS and MADIS respectively participated the 
discussion and formed a networked community. Fig. 2 shows basic analysis taken in 
this test. Fig. 2(a) is a whole perspective of all concerned participants’ contributions. It 
shows participants who share more common keywords locate closer in the 2-dimension 
space. Fig. 2(b) is the opinion structures of Users MADIS, Tang and MSKS as a subset 
community formed in retrospective viewer. Fig. 2(d) shows 3 clusters by K-means 
clustering method, where keywords ‘visual’, ‘analogy’ and ‘Meta-synthesis’ are 
acquired as the label (centroid) of each cluster. 

Fig. 2(e) shows the affinity list based on personal viewer, which divides the whole 
utterance set into 6 cells according to their space relationship. It could be seen the 
utterances in one cell are related to each other. For example, all 3 utterances within Cell 
[row 7, col=12] are about GSS or similar tool systems, then that cell could be titled as 
group support system. On the other hand, all 3 utterances within Cell [row=11, col=5] 
exhibit concerns on man-machine interaction. Automatic affinity list could be regarded 
as a rough classification about participants’ opinions during the brainstorming session. 
Further processing could be taken to acquire a more reasonable classification. 

Dynamic visualized structures of the concerned topic may reinforce the stimulation 
and facilitate further thinking during community interactive process. The evolving 
diagrams may also help to find some hidden structures to aid communication and 
collaboration for community. Such a work is oriented to maintain an interactive ba and 
facilitate for idea emergence during group divergent thinking process. 

4   Concluding Remarks 

In this paper, we focus on computerized collaborative support for enhancing human’s 
creativity for networked community. Research on creativity and knowledge creation 
together with computerized supports provides basis for our research [12, 15-17]. What 
we are exploring is not only a computerized support tool for communities’ 
communication and interaction, but also expecting to support the emergence ba for 
creative problem solving. Our developed group argumentation environment exhibits 
our ideas, which acts as a virtual ba promoting members exchange ideas, stimulating 
their creativity and enhancing argumentation effects.  

Our current work is still at very initial stage from both research and practice [14, 
18-20]. From the research perspective, currently we mainly concentrate on cognitive 
modes and mental models for individual of community, and group communication and 
collaboration behaviors and responses. The aim of GAE is to support dynamic emergence 
of a knowledge creation environment (ba). Lots of further work are under exploration, 
such as better human-machine interaction, opinion synthesis in consideration of expert’s 
background, and evolving process of keyword network to detect the pathway of 
knowledge creation, etc. More experiments, that is, building multi-communities, will also 
be undertaken for verification and validation of GAE in practice.  



 Computerized Collaborative Support for Enhancing Human’s Creativity 553 

 

References 

1. Barabasi, A. L., Bonabeau, E.: Scale-Free Networks, Scientific American, May 2003, 50-59 
2. Wasserman, S., Faust, K.: Social Network Analysis: Methods and Applications. Cambridge 

University Press (1994) 
3. Azechi, T.: Social Psychological Approach to Knowledge-creating Community. In: Nishida, 

T. (eds.): Dynamic Knowledge Interaction, CRC Press (2000) 15-57 
4. Nunamaker, J. F., Romano, N. C., Briggs, R. O.: A Framework for Collaboration and 

Knowledge Management. Proceedings of the 34th Annual Hawaii International Conference 
on System Sciences (2001) 

5. Sumi, Y., Nishimoto, K., Mase, K.: Personalizing information in a conversation support 
environment for facilitating collaborative concept formation and information sharing. 
Systems and Computers in Japan, Vol. 28, No. 10 (1997) 1-8 

6. Nonaka, I., Konno, N., Toyama, R.: Emergence of ‘Ba’. In: Nonaka, I., Nishiguchi, T.(eds.): 
Knowledge Emergence, Oxford University Press, New York (2001) 13-29 

7. Mase, K., Sumi, Y., Nishimoto, K.: Informal Conversation Environment for Collaborative 
Concept Formation. In: Ishida, T. (eds.): Community Computing: Collaboration over Global 
Information Networks, Wiley, New York (1998) 165-205 

8. Hori, K.: A System for Aiding Creative Concept Formation. IEEE Transactions on Systems, 
Man and Cybernetcis, Vol.24, No. 6 (1994) 882-893 

9. Nishimoto, K., Sumi, Y., Mase, K.: Enhancement of Creative Aspects of a Daily 
Conversation with a Topic Development Agent. In: Conen, W., Neumann, G. (eds.): 
Coordination Technology for Collaborative Applications, Lecture Notes in Computer 
Sciences, Springer-Verlag, Vol.1364 (1998) 63–76 

10. Nishisato S.: Analysis of categorical data�Dual scaling and its applications. University of 
Toronto Press, Toronto (1980) 1-53 

11. Liu, Y. J., Tang, X. J.: Dual scaling method and its application to group argumentation. 
Management Review�Vol. 16, No. 10 (2004) 39-42  (in Chinese) 

12. Stefik, M., Smoliar S. (eds.): The Creative Mind: Myths and Mechanisms: six reviews and a 
response. Artificial Intelligence, Vol. 79, No.1(1995) 65-67 

13. Duda, R. O., Hart, P. E., Stork, D. G.: Pattern Classification. Wiley, New York (2001) 
526-528 

14. Tang, X. J., Liu, Y. J.: Exploring computerized support for group argumentation for idea 
generation. In: Nakamori, Y. et al. (eds.): Proceedings of the fifth International Symposium 
on Knowledge and Systems Sciences, Japan (2004) 296-302 

15. Wallas, W.: Art of Thought. London: J. Cape, (1926)79-107 
16. Aihara, K., Hori, K.: Enhancing creativity through reorganizing mental space concealed in a 

research notes stack. Knowledge-Based Systems, Vol. 11, No. 7-8 (1998) 469-478 
17. Sugimoto, M., Hori, K., Ohsuga S.: A system to visualize different viewpoints for 

supporting researchers’ creativity. Knowledge-Based Systems, Vol. 9 (1996) 369-376 
18. Tang, X. J., Liu, Y. J.: A Prototype Environment for Group Argumentation. In the 

Proceedings of the 3rd International Symposium on Knowledge and Systems Sciences, 
Shanghai (2002) 252-256 

19. Liu, Y. J., Tang, X. J.: A Visualized Augmented Tool for Knowledge Association in Idea 
Generation. In Gu, J. F. et al. (eds): Knowledge and Systems Sciences: Toward 
Meta-Synthetic Support for Decision Making (KSS’2003), Global-Link Publishers 
(2003)19-24 

20. Tang, X. J., Liu, Y. J.: Computerized Support for Idea Generation during Knowledge 
Creating Process. In Cao, C.G., Sui, Y.F. (eds.): Knowledge Economy Meets Science and 
Technology (KEST’2004), Tsinghua University Press, Beijing, (2004) 81-88 


	Introduction
	Computerized Support for Enhancing Information Sharing and Knowledge Creation for Networked Community
	Architecture of Computerized for Group Argumentation
	Visualized Shared Memory for Group Argumentation
	Facilitator Agent
	Record of Original Keyword Provider
	Concept Formation
	Idea/Knowledge Detecting and Growing During Argumentation Process

	An Example of GAE
	Concluding Remarks
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




