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Abstract. Nowadays as Internet enables to find, publish and then share infor-
mation among unfamiliar people and then enable virtual community emerges, it 
is natural to detect the consensus or interests from those on-line opinions or 
surveys, especially for those business people to acquire feedback and get senses 
which are beneficial for new prototypes design and products improvements. In 
this paper, several ways to approach community’s consensus and interest are 
addressed. Those ways mainly denote three kind of technologies, augmented in-
formation support (AIS), CorMap and iView, which mainly support different 
kinds of work during an unstructured problem solving process where creative 
ideas are barely required.   
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1   Introduction 

Internet creates a giant knowledge system. Currently if we want to know something, a 
search engine, e.g. google can pull many relevant or irrelevant web pages. We can 
also browse wikipedia to get more detailed information. E-commerce and e-business 
changes our traditional life style. Before buying something, we may go to search news 
about what we are concerned and may get many know-how replies from communities 
at BBS or some on-line shopping sites. Even we find partners to buy favorite things 
under a group purchase price, much lower than that at retail stores. Before traveling, 
Internet searching even becomes a necessary step and may even play important role to 
make a trip schedule. Business organizations also make use of the textual information 
to get some information about the feedbacks which are beneficial for new prototypes 
design and products improvements. That is one of driving forces of tide of business 
intelligence and data mining technologies. 

As companies issue new products or services, customer survey is a usual way to 
get assessment. However people are not always patient with questionnaires, even 
during a so-called 5-minute phone-call investigation. They may scratch a few lines at 
the blank area at the answer sheet or post their ideas at a familiar on-line forum or 
BBS, instead of comparing those options directly. People may not show their attitude 
exactly during direct investigation. That is why to adopt new ideas toward finding 
customers’ interest and opinions. In this paper, we address several ways to approach 
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community’s consensus and interest. Those ways could be a supplement to those 
traditional approaches to potential new product designs or trends of customers’ inter-
ests. The prediction of customers’ preferences is usually an unstructured problem 
since always changing customers’ appetites lead to many uncertainties. The following 
addressed technologies, augmented information support (AIS), CorMap and iView, 
mainly support different kinds of work in community opinion processing, are helpful 
to acquire a knowledge vision of unstructured problems, a result of qualitative meta-
synthesis of community intelligence. 

2   Knowledge Vision by Qualitative Meta-synthesis  

During the unstructured problem solving process, we need to depict the problem in 
structured way so as to deal with it using known methods or their integrative ways. 
How to get some structures towards those problems is of more difficulties. It is neces-
sary to get to know problem structuring methods so as to develop appropriate infor-
mation technologies to help human information processing and decision making along 
the unstructured problems solving process. 

2.1   Problem Structuring Approaches and Computerized Support 

Analytical decision methods explain how to make choices among a set of alternatives. 
Oriented to substantive rationality, those computerized methods help to fulfill the 
third phase, i.e. choice within the Simon’s intelligence-design-choice model of deci-
sion making. However, alternatives should be available at first. More attentions are 
required to be paid to the intelligence and design phases, where relevant tasks are 
undertaken through a problem structuring process. Lots of approaches to problem 
structuring are proposed mainly in Europe, especially in UK [1-5]. The Wisdom  
approach proposed by soft OR group at Lancaster University aims to procedural deci-
sion support [6]. A Wisdom process refers to facilitated session includes brainstorm-
ing, cognitive mapping and dialogue mapping. The cognitive mapping phase provides 
a macro view of the problem discussed by the group and the dialog mapping phase 
helps the group to develop consistent micro views. In parallel to many western 
schools in approaches and methodologies for unstructured problem solving, a Chinese 
system scientist Qian Xuesen (Tsien HsueShen) and his colleagues proposed meta-
synthesis system approach (MSA) to tackle with open complex giant system (OCGS) 
problems from the view of systems in 1990 [7]. OCGS problems are usually regarded 
as unstructured problems. The essential idea of MSA can be simplified as from  
confident qualitative hypothesis to rigorous quantitative validation, i.e. quantitative 
knowledge arises from qualitative understanding, which reflects a general process of 
knowing and doing in epistemology. OCGS problem solving process goes through 
three types of meta-synthesis, (i) qualitative meta-synthesis; (ii) qualitative-
quantitative meta-synthesis; and (iii) meta-synthesis from qualitative knowledge (hy-
potheses) to quantitative validation based on systems engineering practice [8]. The 1st 
type, qualitative meta-synthesis, aims to produce assumptions or hypotheses about the 
unstructured problems, i.e. to expose some qualitative relations or structures of the 
concerned problems. Computerized tools, such as group support systems (GSS),  
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creativity support systems (CSS) etc. may support qualitative meta-synthesis. The 
working process of the qualitative meta-synthesis may be achieved by those problem 
structuring methods, such as the Wisdom approach, which may also support the third 
type of meta-synthesis to achieve final validated knowledge via facilitated collective 
intelligence. Different meta-synthesis needs different supports, which are of compre-
hensive discussions in correspondence with knowledge creating process in [9].  

2.2   Qualitative Meta-synthesis to Knowledge Vision  

MSA expects to take the advantages of both human beings in qualitative intelligence 
and machine system in quantitative intelligence to generate more new validated 
knowledge which may be stored into a conceptual knowledge system. The attention to 
the qualitative intelligence reflects the emphasis of human’s dominant role at problem 
structuring and solving process, where resolutions about unstructured problems are 
captured through a series of structured approximation. For unknown or new issues, 
new ideas are often needed. Those new ideas may come from human’s imaginary 
thinking, intuition and insight. Supported by creativity software, sparkling ideas may 
drop into one’s mind. Creative solutions are often related with wisdom. Then, the 
practice of MSA is expected to enable knowledge creation and wisdom emergence. 

At this point, we can sense that Internet is such a giant knowledge system, whose 
knowledge comes from contributions of Internet users facilitated by those various 
computer technologies enabled by the Web. A seraching engine can provide many 
urls. However people still need many efforts to acquire a rough vision of the 
concerned matter even with specialized supporting tools. If the interesting topic is 
across multiple disciplines, more efforts have to be taken to investigate those 
searching results. How to gain some senses about the concerned issue both efficiently 
and effectively is a problem. If got some hints or senses from those information, 
scenarios would then be drawn for further validating process, which may finally lead 
to a comprehensive knowledge vision of the issue. Thus a rough knowledge vision is 
required at first. 

Then creative ideas are barely required than analytical or logical thinking. Creative 
thinking methods, such as brainstorming, KJ method, etc. are practical ways to acquire 
creative ideas, especially undertaken at group working level. Even complaints never 
fade toward low efficiency of group meeting, whatever is both feasible and effective for 
communication and information sharing, opinion collection and acquisition of expert 
knowledge. The Internet provides ideal context for active interactions, especially those 
empathic feedbacks and critical comments, and inevitably becomes a natural ba to 
harness the collective knowledge and creativity of a diverse community during 
collective problem solving process. The problem is how to faciliate such a process of 
acquiring knowledge vision from on-line community opinions, where augmented 
information technologies are being developed to provide somewhat helps.  

3   Augmented Information Technologies toward Community’s 
Consensus and Interests 

Shneiderman abstracted four activities, collect, relate, create and donate for a 
framework of creativity based on creativity models [10]. The augmented information 
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technologies are mainly developed to facilitate those four basic activities to acquire 
basic threads or constructs from those on-line community opinions, such as 
customers’ preferences.  

3.1   AIS – Augmented Information Support  

The AIS technology actually refers to a large category of those widely studied Web 
and text mining technologies. Web text mining technology focuses the Web pages 
which contain not only pure texts but also the hyperlinks between Web pages and 
more preprocess should be counducted on Web texts than pure texts. Figure 1 shows a 
basic Chinese Web text mining process [11].  

Internet

Web indexer Web crawler 

C
lustering

Sim
ilarity C

alculation 

text clustering

W
eb C

ollecting 

Feature E
xtraction

W
eb Filtering 

Pure text E
xtraction 

text summarization

A
utom

atic sum
m

arization 

W
ords Segm

entation 

K
eyw

ords Selection 

 

Fig. 1. A basic Chinese Web Text mining process [11] 

All those technologies referred at Fig.1 are oriented to information collection, the 
1st basic activity at the problem solving process or intelligence phase. 

Besides the efficiency enhancement of searching, it is expected to acquire a set of 
records based on AIS technology with the structure as 

<topic, userID, text, keywords, time> 

Such metadata indicates the corresponding userID drops one text (e.g. one com-
ment, one blog, a title of a paper, a reply to one question) with a set of keywords un-
der the topic at the point of time. By word segmentation and filtered feature keywords 
used in text summarization, or even manual selection, a variety of human ideas and 
opinions can be transferred into one piece record of this form. The keywords for a 
blog may denote the tags. The keywords are articulated as attributes of the userID or 
the text. The next addressing technologies are based on such metadata.  

3.2   Knowledge Vision by CorMap Analysis  

CorMap analysis denotes a technology of exploratory analysis of textual data. Two 
major tasks will be carried out when CorMap analysis is applied.  
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3.2.1   Correspondence Analysis of Textual Data and Visualization of 
Correspondence Results 

This technology mainly adopts correspondence analysis which provides a method of 
factoring categorical variables and displaying them in a property space where to map 
their association in 2 or more dimensions. This method has been widely used in many 
disciplines [12]. The singular value decomposition (SVD) is the principal mathemat-

ics of CorMap analysis. Given an m-by-n matrix Z, SVD is defined as TVUZ Σ=   
where U is an m-by-m unitary matrix contains a set of orthonormal vectors called row 
singular vectors, Σ is m-by-n matrix where the diagnoal elements are nonnegative 
singular values sorted in descending order, and VT denotes the conjugate transpose of 
V, an n-by-n unitary matrix contains a set of orthonormal vectors called column 
singular vectors.  

By AIS technology, a dataset of community opinions with the quintuplet about one 
topic can be acquired and two contingency tables are formulated. Each table refers to 
a frequency matrix. The element of one matrix denotes the frequency of keyword i 
referred by the participant j relevant to the topic. The element of another matrix de-
notes the frequency of keyword i referred by the text j, 1, 2, ,i m= K , 1, 2, ,j n= K . 
Then correspondence analysis is applied to both matrices and brings out two visual 
maps. By performing a series of transformations and SVD towards the transformed 
matrix, a set of row vectors and column vectors are achieved and then rescaled with 
the original total frequencies to obtain optimal scores. These optimal scores are 
weighted by the square root of the singular values and become the coordinates of the 
points. Given the coordinates, both participants and keywords can be mapped into  
2-dimensional space. As a result, a pair of participants with more shared keywords 
may locate closer in the 2D space. 

Such kind of analysis can be applied to any combination of available participants, 
and may help to “drill down” into those community thoughts to detect some existing 
or emerging micro community. If applied to an individual participant, CorMap analy-
sis may unravel personal thinking structure.   

Fig. 2 shows a CorMap of an investigation of working definition of knowledge sci-
ence contributed by 20 faculty members and researchers of School of Knowledge 
Science at Japan Advanced Institute of Science and Technology (JAIST) taken in the 
end of 2006. Those respondents only wrote their understandings about what knowl-
edge science research and education should be. Obviously differences existed among 
their understandings. If more than 2 sentences exist in one reply, more records for 
each reply are generated for better understanding. Then the whole data set includes 33 
comments with a total of 74 filtered keywords.  

CorMap aims to show a global thinking structure contributed by comments con-
tributors, while different foci toward the topic could be easily seen. The respondent 
who locates close to the bottom of the visual map (Fig.2) obviously holds opinions far 
away from the majority.  

Moreover three indicators, dominance, agreement and discrepancy, are provided to 
measure the contributions or roles of those participants relevant to the discussion of 
the topic. Who is active in posting comments? Who always follows others’ ideas? 
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Fig. 2. CorMap visualization of a community towards working definition of Knowledge Sci-
ence (20 People with 33 comments, 74 filtered keywords) 

Who is of so peculiar thinking in this topic? Some of indicators were proposed in 
2004 [13] and an improvement was taken in 2006 [14].  Such kind of work may also 
be helpful to select appropriate people for further study later.  

3.2.2   Clustering of Ideas Based on Spatial Relations 
Given the spatial relations acquired by correspondence analysis, a variety of cluster-
ing methods such as k-means clustering can then be applied to ideas clustering and 
concept extraction for qualitative meta-synthesis.  

As shown in Fig.3, those 74-keyword spread across the 2D map is clustered into 6 
clusters by k-means method. The keyword (whose label is of bigger size of fonts) 
which is closest to the centroid of the affiliated cluster could be regarded as the label 
of the cluster. The pop-up window lists all keywords and their frequencies in the 
Cluster labeled as “interdisciplinary” close to the left border of the map. 

Furthermore instead of traditional human’s judgment of clustering numbers by 
trial-and-error, CorMap analysis applies a method to determine the true number of 
clusters. This method is based on distortion, a measure of within cluster dispersion, 
which is from the field of rate distortion theory in the information theory [15].  
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Fig. 3. Clustering of keywords (6 Clusters) and one pop-up box showing the keywords belong-
ing to the left cluster labeled as interdisciplinary)  

The motive to apply correspondence mapping about participants’ opinions is to 
provide a basic or possible association between participants and their thoughts repre-
sented by keywords. As correspondence analysis is a method for exploratory analysis, 
significance testing is not supported. Then the visualized association is not confirma-
tory, even two dimensions may not visualize more than 75% of the association be-
tween humans and keywords. Therefore it is necessary to do further analysis instead 
of drawing conclusions directly from the visualized relevance. During the community 
opinion aggregating process, the dynamic mapping is to stimulate active association 
and feedback as a catalyst for shared understanding and wider thinking. A spontane-
ous and free-flowing divergent thinking mode is expected and possible helps are 
pushed for participants’ awareness, even those hints are not confirmatory. Wild ideas 
toward the dynamic relevance, especially those isolated ideas far away from the ma-
jority may lead to some in-depth investigation for curiosity. 

3.3   Knowledge Vision by iView Analysis 

Given the same dataset used by CorMap analysis, iView analysis mainly applies net-
work analysis methods to depict the scenario of the topic. The first step of iView 
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analysis is to construct a pair of networks, one is keyword network (or text network), 
the other is human network. Here keyword network is addressed for illustration. 

3.3.1   Keyword Network: A Collective Idea Map  
In a keyword network ),( EKG = , the vertex refers to a keyword. If keyword ik  and 

keyword jk  simultaneously belong to the keyword set of one text, then an edge exists 

between two vertices jikke jiij ≠= ),,( , Eeij ∈  ( E  is the edge set). Then each 

keyword set of one text constructs a complete keyword graph, a somewhat structure 
of the text which reflect personal opinions. A keyword network denotes the aggrega-
tion of all keyword graphs based on all texts relevant to the concerned topic. If 

),( lll EKG =  indicates the keyword graph of the lth text where lK = { l
n

ll kkk ,,, 21 L } 

is the keyword set, lE  is the edge set, then ),( EKG = where lKK ∪=  = 

},,,{ 21
l
n

ll kkk L∪ , lEE ∪= }{ ije∪= , , 1, 2, , ,i j m= K  i j≠ . This topological network 

is a weighted undirected network where the weight of edge denotes the frequency of 
co-occurrence of keywords among all texts. Such a network is referred as an idea map 
contributed by all participants.  

Given such a network, more senses may be obtained via a variety of network 
analysis by detecting some of its features, such as cutpoints, centrality of keywords, 
keyword clustering, etc. which may expose different perspectives of a collective 
vision of all the participants. The underlying mathematics applied is mainly from 
graph theory social network analysis (SNA) [16]. For example, a cutpoint (articula-
tion point) of a graph is a vertex whose removal increases the number of connected 
component [17]; then the cutpoint keyword may unravel the real key ideas. So does 
the centrality analysis of the keyword vertex. With use of community structure 
detection methods, clustering of keywords may help to understand the major points 
from those keyword clusters easier instead only by frequencies of individual  
keywords. 

Fig.4 shows the keyword network of the above-mentioned investigation of knowl-
edge science. Three components and nine cutpoints, business, human, information, 
knowledge, KM (knowledge management), processes, science, systemic and tools, are 
detected. Table 1 lists the top 15 keywords in measure of degree centrality and be-
tweenness centrality, respectively. Obviously, different methods lead to different 
results. All cutpoints are among the top 15 keywords of centrality of betweenness, but 
only 6 appear within the high rank list of centrality of degree. Whatever, those central 
keywords may reveal how the community understand the concept of knowledge  
science, and may represent their interests in research and education. Based on New-
man-Girvan algorithm for community clustering [18], 4 clusters are founded (the 
maximum value of the modularity measure Q = 0.6482) at the largest component with 
62 keywords. The community structure analysis of a keyword network may provide 
some further senses than centrality of keywords about the consensus of the KS  
community. 
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Fig. 4. Community idea map of working definition of knowledge science (Cutpoint: vertex in 
square; modularity measure Q = 0.6482)   

Table 1. The top 15 keywords in measure of centrality of both degree and betweenness 

Rank Keyword Degree Keyword Betweenness 
1 knowledge 38 knowledge 1337.17 
2 human 21 human 470.83 
3 processes 14 systemic 228.00 
4 science 14 processes 186.00 
5 creation 11 science 160.83 
6 technology 11 business 118.00 
7 innovation 10 information 60.00 
8 creativity 9 creativity 54.67 
9 discovery 9 intelligence 45.00 
10 acquisition 9 creation 35.50 
11 education 9 km 29.50 
12 specialist 9 ke 29.50 
13 civilization 9 innovation 29.00 
14 business 8 technology 12.00 
15 information 7 tools 5.00 
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3.3.2   Human Net Via Keyword-Sharing between Humans 
In iView analysis, keywords-sharing between participants is considered and a human 
network where the vertex denotes a participant is constructed. If two participants 
share one keyword, a link between exists. The strength between two participants 
indicates the number of the different keywords or the total frequencies of all the 
keywords they share. From such a human net, social network analysis (SNA) is then 
applied to find the powerful people by centrality analysis and to detect the interest 
group by community structure detection, etc. 

As shown in Fig.5, the keyword-sharing network of KS investigation has 1 compo-
nent, which is split into 3 clusters. 2 cutpoints (Wier and Shun) are detected. The top 4 
keywords in centrality of degree are Saori (15), Morita (14), Honda (13) and Wier 
(10). There are 6 vertices with a degree value of 6, Shun is among them. The top 5 
keywords in centrality of betweenness are Saori (26.65), Wier (26.00), Honda 
(25.75), Morita (20.65) and Shun(18.00). All other humans’ betweenness values are 
below 10.00. The pop-up window shows one respondent’s reply (text, keyword and 
its frequency).   

 

Fig. 5. Human net of KS  investigation (3 Clusters, Q = 0.3245)  

Small scale discussion always brings out human net with one giant component. If 
the topic scope expands, more components may emerge. 
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The pair of idea map and human net could be regarded as one kind of structure 
about the dedicated topic. The exploited network analysis aims to detect basic 
concepts and main themes, influential people and the potential micro communities  
emerged during the discussion. Those information could be regarded as the constructs 
of the concerned topic and may be helpful to those latecomers or entrants to quickly 
get a rough understanding of the interesting topic, a consensus of the existing 
community. 

We can also take iView analysis to text network according to the keyword refer-
ence. Obviously, the text network is a directed network. This network may help to 
show how the ideas grow and spread during the discussion. Due to space limitation, 
detailed discussions are omitted. 

4   Concluding Remarks 

In this paper, we address three kinds of augmented information technologies, AIS, 
CorMap and iView, which are oriented to detect community’s consensus and interest 
from those opinions contributed at BBS or various on-line forums. AIS technology 
aims to collect more useful textual information from the Web. The goal of both Cor-
Map and iView analysis is to depict the collective vision toward the concerned issue 
by different ways to explore relevance between the texts and their contributors, sup-
port awareness and insights for potential hints, ideas, or senses of problems from 
which to undertake quantitative modeling for alternatives during problem solving 
process. The information detected by those data-driven, textual computing based 
visual exploration technologies could be pushed to the people to stimulate active 
participation, to show a map of human or community thinking process and then to 
construct a holistic vision by community opinions. 

It is easier for people to show real attitude due to the decentered subjectivity  
encouraged by the Internet which also enables the on-line community creation. 
Nowadays, emerging technologies are being explored and exploited to improve the 
effectiveness of information retrieval and understanding.  The tag cloud shows a 
visual depiction of user-generated tags used typically to describe the content of Web 
pages/sites. The cloud model lists the feature words alphabetically and the importance 
of a word is shown with font size or color. At this point, both CorMap and iView 
analytical technologies expose further relevance of those words and have it 
visualized.  Web 2.0 technologies enable human participation and provide context to 
apply CorMap and iView technologies to quickly get a rough understanding of the 
interesting topic. For new comers or bystanders, it is easier to know some points from 
the visualized maps of community thinking, find fancy ideas which may lead to some 
in-depth investigation for curiosity.  

The three technologies had already been applied to a famous science forum in 
China [11, 19, 20]. Both CorMap and iView technologies had integrated into different 
kind of tools for different uses, such as TCM Master Miner which exhibits a special 
way of TCM master thoughts’ mining [21]. The iView analysis is of more application 
in conference mining to show the collective knowledge vision of one discipline [22]. 
Others’ ideas are worth adopting or comparing, such as chance discovery using Key-
Graph [23] and skillMap [24] for further explorations of current technologies. 
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