Secarch for Experts in Online Communities

Jyun-Cheng Wang '
and

Yoshitaka Takahashi®

Abstract [nformation stored in online commusities consist not only knowledge
contents, but alsa the information of knowledge providers and searchers’ connective
relationships, and nerwork structures. Online Communides provide effective platforms
for interaction and play pivotal roles in making provision for the basis of analysis as all the
ask-response paited relationships are automatically recorded. This paper demonstrates
how to apply social network analysis to analyze the interacion daia for generating the
“role information” of the knowledge searchers and providers. Integrating concepts of
uncertainty in knowledge searching and sociomettic used in social network analysis, we
develop a mechanism for role matching in knowledge search for each questions posed.
Rales identified in this approach including central, network entrepreneur (e.g. spanning
scructural holes). neighboring mediate (e.g. knowledge gate keeper), and resource
competitor (e.g. structural equivalent players). The result is demonstrated and visualized
in a web-based community platform and tested in a real-world programmer forum-based

community.
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1. INTRODUCTION
Studies of knowledge management show that the success of knowledge transter lies
in neither communication systems nor documents, but in social rclationships
[11[3][6](7][16). Different sodial relations rend to result in different consultations. All
these point to the fact that knowledge can be better capluted by shifting focus from the

face value of the content iwelf to the social network where knewledge is embedded.
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Figure 1. Knowledge Inguiry Medels with computer-mediated Interaction

In a knowledge intensive online virtual community, such as a technical discussion
forum, knowledge sharing usually starts with knowledge inguiry took place in 2n online
platform, which can take three models as depicred in Figure 1. The first one illustrates
anonymous inquiry where inquirers, or searchers, post questions in a forum waiting for
answers from valunreers. This mode simply works in 2 post-and-wait manner. The
second one, known as “know-what” mode, describes most situations where huge volumes
of documents or knowledge repositories ate stored in a datebase ready to be retrieved by
keyword matching or other mere sophisticated yet similar techniques. An inquirer can
only obtain what is stored in the database, and one may have dilliculty in evaluating the

quality of the information acquired.

The rhird approach is to make provision of linking knowledge contents to those

experts who are also community members. ‘lhis is the “know-who” mode, illustrated in
P



the right most panel of the Figure 1. In this mode, the connections between searchers
and knowledge providers can be established. The main task in this model is to have the
knowledge of who knows about the answer, and make it available to the searchers,
Meanwhile, scarchers in this model will have to provide something more than keywords
of their questions. They also need to reveal their level of knowledge, so the system can
learn ro recomimend someone suitable for conducting dialogues. As a result, communities
will become a platform for knowledge sharing and bring not only knowledge but also the
information of provider and searcher’s relative nerwork positions, connective
telationships, and network structure. For example, knowledge scarch engines in this
model can show that people in what position are inclined to help, er whose knowledge

source are maore close ro scarchers’ background.

Communities based on the “know-who” model will be more effective than the
“know-what” model by facilitzting knowledge transfer and enhancing experiences and
value exchange, and thus help accomplish knowledge sharing through social interacrion.
At the end, knowledge is in the head of people [19]. From the point of avoiding “free-
riders,” this rype of interaction via social embeddedness will help reduce improper
responses [2][14] and boost sensc of community and is favorable for the formation of

social norm [9].

The purpose of this study is to realize the concept of implementing a “know-wha”
knowledge sharing platform by analyzing role information and evaluating relationships
among community members from community interaction data. By utilizing the role
information, we build a community platform te automatically idenrtify the proper
individuals for a query. In finding the proper person to answer a question, we consider
issues from such differenc aspects as knowledge content, social context, and personal

knowledge. A general piciure depicring this study is shown in the middle of Figure 2,
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Figure 2. The target of this ressarch

2. LITERATURE REVIEW

2.1. Knowledge Shating

Knowledge generation includes not only objective processes of transferting
information into knowledge through comparison, cause and effect analysis, interlink and
communication but also subjective process of generating persenal interpretation, through
experience, reality, judgment, law, institution, etc. [8]., As knowledge is highly
personalized, it has to be expressed through personal experience, impression, practiced
skill, culeure, or shabit [15][18]. Kuowledge sharing usually stares with some kind of
inquiry and search. However, answers can be provided in three different forms, as shown
in Table 1. In this classification schemes, these search engine may either be focused on
knowledge contents, social context, and personal preferences and profiles. Several
packages or tools available for the ditferent types of searching and browsing are listed in
Table 2.

Tabie 1. Classifications of Search Engme

Search Moée Cues for Search Relevant Techniques :
Knowledge content Domain-specific Knowfedga Ontelogy, | Natural language, Semantic
focus Knowlsdge-base, Thesaurus : web, key-graph




! Sacial-context foous ‘ Feedback, Conformity, Citation f PageRank, Citation Analysis,

L re ationship, Recommendation, Sogial | Social nelwork analysis
; network I
Personal preferences F‘ersonui searching history, F'I’EI‘EiEﬂCG‘ Agent, persanal KM system

focus

Tabie 2. Tools far Knowledgg Browslng

Research ' Jb!ee.tive Contnbutmn
Sack (2000) Conversahon map for V\sua EZE very large -scale conversation map o
[21] | Newsgroup USENET by integrate social netwoark and
semantic network

Merali et al. Knowledge capture and | Jasper Il {a know edge sharing environmen:)

(2001) [12] utilization in Virtual use information agent for sharing knowledgs
Comimunilies froma number of |mernal and extemaT sources.

Smith et al. | Persistent Conversation on A set of tools for ws.iallzatson of the structure of |

(2001) [23] | newsgroup discussion threads and the pattern of

i aartlcuaatlon \mthm the d<scuss:ons

| Lin etal. (2003) ! Knowledge map creation and | Generate Know! edge map by text-mining on
[11] mainterance in Yirtual documents col ected from leachers’ cyber
Communities commurnity

When viewing knowledge seekers and providers as knowledge buyers and sellers,
knowledge market is like the usual marker in the sense that certain uncertainties involved.
Just as a purchase decision will consider reputation of stores besides goods and prices to
control the risk of purchase, knowledge search could reduce wncertainty in knowledge
seeking by taking account of not only knowledge content but also knowledge awner and
relationship between each other [8]. According to Pedoiny [17], there exist two types of
uncereainty in seeking knowledge in a knowledge marker; one is high ego-centric
uncertainty and the other high alter-centric uncerrainty (Figure 3), The former
uncertainty is the risk in searching for transacrion chances; the latter is the doubr abour

the quality of the acquired knowledge.
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Figure 3: Knowledge Search Uncertainty

To avoid the uncertainty existing in knowledge markets, social network can play the
role of pipe and prism |17]. The Pipe effect refers to the fact that social networks can
extend human relations and conncets ways to acquire resources, As the tacit feature of
knowledge paralyzes the fluidicy [15], one can rely on social networks for identifying the
chances to acquire knowledge. The phenomenon of birds of a feather helps reveal that
social nerworks have the capacity to agglomerate the same resources and save search cose,
It is evident that social relationship is a significant element of knowledge transfer
[5]18][9][20]. The Prism effect refers to the social network functions to fileer lower
quality while too many choices. This is made possible by exploiting the extension of the

trust relationship er observation of other sodial network struceures.

Social netwoiks make provision for successful knowledge transfer between strong
ties and weak ties. Communities tend to agglomerare peaple who have the same incerest
and construct strong ties for trust-based knowledge exchange. From ourside
communities, weak ties would bring resources and avoid partition of social network.
Knowledge management will rely on both types of ties for transferring useful knowledge.
Levin (2002) suggests the combination of weak and strong ties could help highly tacit
knowledge transfer through two kinds of trust, affection and competence trust [10], The
existence of twust would be a critical basis for establishing non-money based markets for
knowledge wransfer, which we list in Table 3. The accumulation of social capital in turn

depends on the smooth operations these types of markets,



Table 3. Non-money based Markets

e ey s L o R —

Cocking-pot markets

Price tags No price tags, relative price No price 1ags
‘ags are available

Priced transactions — buying/ | Identifiable barter transactions | Few identifiable transactions,

selling — at every step — trades — at every step value is received from the whole
| | network with no explieit linkage;
only a value flow

Quanlifiable by price and Partly quantifiable by relative Not directly quantifiable — no
volume (number of size and number of price tzgs to add up; no
transactions) transactions transactions to count !
Tangible benefits direct by Tangible benefits direct Tangible benefits indirect and '
| proxy (monay to buy other | {end-products exchanged); hard to quantify '
things}); quaniifiable partly quantifiaole

2.2 Role Analysis

To make a community platform suitable for knowledge rransfer, role analysis is an
importanr function. Role analysis in socio-metric is used to analyze actors who have
similar strucrures or pateerns [24]. The possible atrributes for role analysis is listed in
Table 4. 'These methods are derived from mathematic and multiple study ficlds, Similas
positions in SNA reflect the relative status of individuals who are embedded in network
having similar relations. Roles could reveal the same pattern between members or
positions, various roles are shown in Figure 4. SNA adaprs parrern march for role
discrimination, which needs netwark index to find the same pattern role. Therefore,

community platform has to provide related index for computing and comparing.

Table 4. Role Analysis

Role Attribute Type Description Example

Peripheral attributes The perpheral attributes of a role are Sex/gender of a physician s

| those expectations which members of the | peripheral ta his/har

| society have about a particular roiz that | funetioning as a physician.
are insignificant in meeting the obligetions |
implied by the role.

sufficiently relevant The sufficiently relevant attribules of a role | If my physician refuses to
alliibutes are those expactations which members of | provide a medical
the society have about a particular role examination when requested
. that if they are missing, sanctions will be | to do so, sanctions may be
|

invoked. imposed lo require the ‘

examination to lake E!aqgl ]




Pivatal atiributes : Fivatat attributes are those which if they  ; For instance, someone who
are absent, the role is said not to exist. : burports to be a physician
i “ but who has not passed the
| approoriate medical
i examinations is not a
physician but rathera

_1 ‘charlatan.
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Figure 4. Possible Roles in Social Network

2.3. Keyword Expansien

Two different relations between any pair of tags can be defined by aggregating
tagging data. Lirst, two tags are in a "Co-Resource” relation il they are adopted for the
same resource. This relation is stronger between tags with more shared resources. Second,
two tags used by the same user are in 2 “Co-User” relation. While the “Co-Resource”
velation is most approprinte for establishing a public concept hierarchy, the “Co-User”
Relation is most suitable for establishing a private concept hierarchy

As a result, the concept hierarchy can be used to expand keyword. The link of the
target keyword and other keywords in the concept hierarchy indicate the relation of two

keywords.

3. SYSTEM ANALYSIS AND DESIGN
3.1 The “Role” information
The search for a proper target for knowledge exchange may be subject to a variety of
uncertainty, As we mentioned above in the context of Knowledge Exchange Market, this

uncertainty includes High Ego-centric Uncertainty and High Alter-centric Uncerminty



[17]. The former refers to the uncertainty in discovering the opportunity for exchange,
and the latter, the uncertainey abour the quality of che knowledge obrained via the
exchange. The uncertainty arises during different stages of knowledge search is

summarized in Figure 5.
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Figure 5. Uncertainty in Knowledge Search

The “Rale Infarmation” is designed to be used in conjunction with other search cues
in reducing the uncerrainty of knowledge search and increases the success rate of
knowledge exchange. One person’s expertise level varies as the topic in question chaages,
or when questioners differ. The “role information” of an individual has to be dynamic
and cannor be treated like a static label. It should be determined upon who queries and
what is queried. In light of this, we identify ten functional requirements shown in Table
3

There are also three non-Functional requirements include:

(1) The need of automatic and systematic way of data collection and analysis.
(2) Integrating with the community platform and without requiring extra inseallation.
(3) Aveiding information overload, which is desirable given the high volwne of interaction

dara



Table 5. Functional Requirements and posslbie solutions

S e

LNG Descrlpt;an of Funchcmal Hequ:remems F055|ble So!uuons |
1

Prowsnon of a list of topics available for search | Use socn.a! ne:work analysis for i<eyw0rds,

— and identify the main topics and their
2 Provision of Keywords analysis of the usable keyworda

topics
'3 Capable of making references to one's closely Fleveatlng the user's position in the socsa!
mteraulng SLb- -groLps network |
4 The number of search 'Pqults can be admsted i Targelzs will be sorted in terms of their
! as needed relevance to the query
5 Provision o |nrormat|on about the famriiarlfy Use "neighbormess” in network structure lo
beween the uzer and members replesent their rFIat\cmshlps
6 Provision of information about the depth of [ Use “significance” in network structure
members’ expemse ‘ position to represent the expert's status
7 Provision of informarion 1bout the breadih of Use "structure hole™ in netwark position to
member's expartise c‘how its \.”lI’IC‘ty
— —_— it R
8 Evaluation of equivalence in expertise level | Use “structural eguivalence” to find status i
equivalence between users and experts
9 Evaluation of bottleneck in knowledge Usa intermediary aralysis techniques to
| e)«:har‘ig;l identify knowiedge mtermedlary

10 | Allowing users modifying 1helr own expenence'" |Avallabmty of users madifying role
| Infermation information i

3.2 Performing Role Analysis

We conclude from tae functional requirements that there are four types of role
analyses will concribute to reducing the uncertainty of scarchers. Thesc types of role
analyses and the corresponding uncertainty they can help recuce is shown in Figure 6.

The meaning of cach type of analysis is described us fullows,
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Figure 6. Use of four types of Rale Analyses te reduce the corresponding uncettainly

. Closure Structure: Actors with shared preferences for information sources tend to

cluster together and form strong des, leading to a closure structure. This analysis can
be used to measure the closeness in terms of relationships and preferences similaricy,

Similar Position: This is used to search targers that link to similar actors and are of
similar netwark structures. These targets enjoy common features and are highly
substitutable. ‘They tend to be peers in their capabilities and may compete for similar

resources.

. Brokers: This is defined with respect to the posidon of seacchers. Brolers play a crideal

role in controlling or facilitating the delivery of information. Possible roles may

include gatekeepers, inter-mediators, and representarives,

. Prominent people: Two rypes of actars are in prominent positions of nerwork

structures. (ne type of the prominent roles carries high centrality and is of high level
of influences, e.g. opinion leaders. The other type spans multiple network stucture
holes, and usually can access various sources of information. This is sometimes called

network entrepreneurs.
The four types of analyses are produced by utilizing some of the procedures for

11



calcularing indexes that are avajlable in networle analysis procedures. We summarized in

Table 6

Tabde 6. indexes used for Role Ana!yses and Methods Available

inde:ﬂ Type i Deucrmﬂon* WMethads

Distance Dlstance between two nodes Distance

Structure equivalence L All tinks from Node A Lo all olher nodes are | CONCOR

equivatent 1o all links of Node B's Tabu Search |
; Factor Analysis: Principal |
! ' components
MJIII Dimensional Scaling
Centrahty The caenter of a network structurs, ua,l,all y _)egree Gentra!ny !
+ zarrying higher network status and ! Closeness Centrality
nfluences Betweenness Centrality
Bonacich Power )
1 Hubhell |
| Kat7
| Broker Guuld and Fernandez add s;ub-ﬂroup Gould broker

lboundaries (¢ help thoroughly consider
different situations when thres parties

| angaged In a transaction located in similar
| | or different groups. i

3.3 The Role Analysis Process

Our proposed tole analysis is performed on top of the usual keyword-based search,
That is, we take as input the resultant lists from keyword-based search and feed them intw
the role analysis process. There are five steps in chis process. We first conduct an
Absolute Role Analysis (steps 1-3}, where roles of prominent stutus and of spanning
structure holes are identified. The next is to do Relarive Role Analysis (steps 4-5), in
which the role information obtained from step 3 will be interpreted from the perspective

of the searcher. This process is depicted in Figure 7.
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Based on keyword database and its associated keyword concept space, the system
excracts keyword sets from user’s question in the first step. On receiving uset’s queries,
system automatically extraces several terms or nouns as the first [evel keywords. Next,
system extends sccond level keyword associated with firse level keywords by referring w
the keyword concepr space. For example, JAVA’ is the first level keyword when user
submits a JAVA-rehaced question, and ‘J2EE” and ‘J2SE’ are the extended keywords [or
second level keywords), The extending action is carried our irerarively by system until the
default threshold level reached. The keyword sets, including first level keywords and other
level keywords extended by system, were the basis to construct Topics Interaction

Network in the second step.

In second step, system looks for actors who had participared in the discussion with
keyword sets derived in firse step in order to construct Topics Interaction Nerwork. If two
users interact in the same topic/keyword, we huild edge berween them. Thus, system
constructs Topics Interaction Network by searching actors who had participated in the

discussion of every keyword from the community catabase,

The system also looks for brokers and prominent people in the Topics Interaction
Network in the third step. We draw on the Structural Hole algorithm proposed by Burt
to caleulate the effectiveness and efficiency for each acror in the Topics Interaction

Network, and list N actors (assuming N is the system defanlt number of candidares) wich

13



the highest efficiency. An acror with high efficiency is morz likely in the position of acting
as broker for other actors. Further, system looks for prominent people by calculating
degree centrality of cach actor in the Topics Interaction Network, An actor with high
degree centralicy mainrains contacts with various other actors and is a people of influence
in the network. "Thus, system will select n actots (n is the system default candidate) with

the highest centsality as the candidute of prominent peaple.

The main rask of the fourth step is extending the Topics Interaction Nerwork into a
User Interaction Networtk. Topics [nteraction Networle includes experts who are familiar
with keyword sets and yer excludes questioner. We want to add actors who ever interact
with questioner from community database to form a Topies Interaction Nerwork, The
edge in the User Interaction Network indicates the degree of two person’s interaction.
This network demonstrates those actors who ever interacr with questoner and domain

experts who ever joined the ropic with keyword sers.

Finally, the system looks for the shortest distarce between domain experts and
questioner. In this final step, the system would search targess that are of similar network
structures, We caleulate the distance of any two adjacent nodes in the User Interaction
Network and identify the shortest path between actors and questioner. The nearer the
distance from questioner {or closute structure) indicates that the questioner is cither more
likely to find experts or the questioner and experts share the same sub-group. The system
will select IN actors {IN being the system default number of candidates) with the lowest
distance as the candidare actors of domain experts. Finally, the system will draw on
structure equivalence algorithm to caleulate the structure equivalence (that is, similar
position) between the questioner and ocher actors. We urilize Fuclidean Distance and
CONCOR [convergence of iterated correlation analysis) to lisc the top N actors (N being
the system default number of candidates) with the closest stracture equivalence. These
candidate actors enjoy common features and are highly sabstiturable. They rend to he

peers in their capabilities and may compete for similar resources,

4. SYSTEM DEVELOPMENT AND AN EXAMPLE
4.1 The platform
We develop the system on top of 4 virwal community suppore platform, which is

illustrated in Figure 8. Conceprually. this system follows the TPO srrucrure. Ar the
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bortam is the Commniunity Dara, which is fed into the middle layer for Role Analysis.
Dara are parsed and tagged, full-tex: contents analyzed for cerms and keywords, which io
wurn is used to build a keywords network. Keywords will form clusters for these more
likely o appear simultancously, using the RNM algorithm [13]. 'This algorithm uses Peer
Influence Model for calculation and dassificarion, ir is considered both easier and Saster

than general Partition techniques in Graph theory.

bl
Liser 4
o= 1= E
Scene maph% - fay out viewpomnt | Role tageing =
3 £ - N E
=
B

&
L3

Actor | [T Lmkaxic
analysin | [ analysss

l Full-test search I Social ne

Sk Lciw & Pmmau :
analygie analysis |

ok madel F

3

Ao

7
b
1{ Content-base | : Memberdata | l Post data [ |§
o S:
Drta extractosdiilter - transformer ~ parser ~ weapper) i'é
: =3
Hitp client -

Figure 8. The software architecture of Virtual Community Support Platform

4.2 System Testing

One aspect that makes chis system distinct from general virtual communiry
platform is the capability of visualization of the recommended experts. Social Network
Analysis originates from Graph Theory and shares the basic components of nodes and
links, Tlowever, in order o make the nuts and boles of nevwork graph meaningful in
presentation, we design the screen to consist of several units ro reveal meanings of
network pictures. ‘these units include: Tnformarion Tagging, Scene Generator, Analysis

unit, Operation unit, and Viewpoint unir.
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We test our system by analyzing a forum-based community mainly for interactions
between programmmers. Topics are classitied and chreaded, and people appear on this
community includes some of the well-known figures. The total registered member is
more than five thousand people. The forum consists of 48 discussion boards, with topics

more than twenty thousand,

Choose an ector

for evaluation

Evaluation

Infurmation

.

Figure1d. Search Resulis: Representing in Tree Layoui
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After enrering a keyword, a searcher can expect the system to retutn a network
graph representing all the people, ar experrs, whao have engaged in discussions of related
topics. These “knowers” possess one particular network position that could be close or
further away from the searcher. Searchers can traverse on the network graph to find cne

with desired status. All can be accomplished under the assistance of the system,

The search results shown in Figure 10 show the informarion presented in the
systern. The red rectangle at the left hand side represents the position of the searcher. All
other actors are drawn with respect to the searcher’s knowledge status (navice or experts),
so the relative role information can be examined, Clicking on any nodc in the Tree
Layout, the searcher can learn more of the selected actor’s information. This informartion,
shown in the right hand side, describss one actor in terms of five types of search
uncertainty. The current picture adopts a Tree Layour, the system also provides a Spring

Embedding Layour, and is capable of enlarging views.

5. DISCUSSIONS AND CONCLUSIONS

5.1 Discussions

‘The purpases of this research include are twofold:

1. Model establishment: The system has been successfully finding our the role type which
influences knowledge exchange procedure, identifying method for analysis, evaluating
the value of a role, and establishing effective role search model.

2. System development: Deploying search techniques hased on a cammunity platform,
developing the search system which employs the tole search model to make possible
the personalized knowledge filtering mechanism,

When new media emerges, it usually brings the transformation of related
application. Essentially, knowledge scarch should not only concentrate on knowledge
content itself but also has to include social interaction. Prusak [19] has claimed that the
value of knowledge depends on the exchangers’ social relationships. The emergence of

virwal community brings the social interaction to a new level and can he aperationalized.

There are some limitations in this study. Member's background in vircual

community is far more complex than that in real world. The Huidity and anonymiry of



membership makes it difficulr to distinguish pasticipants’ identity [25]. The same

individual with multiple idenrivies also makes analysis troubleseme.

The other problem is on rthe possible invasion of privacy or moral issues when ir
comes to data collection [4]. When apply this system in 2 real world environment, issues
need to be resolved on whose permission do one need before proceeding to use
community information? communiry constructer? administrator? or the person who
posts? It is largely an open question and depends on the natere of the information and

the situation of use.

Smith [22] bas also pointed to the limitations of online anthropology. There are four
rypes: the lack of generality, the lack of correlation, the lack of historical informarion, and

the lack of scope. Among all these, this research does not escape easily.

5.2 Suggestions and Future Study

The development of this type of search system whick emplays social nerwork
analysis technigues is still emerging. This system provides modularized system models
and friendly user interface; however, it has yet to be tested in a larger scale site. Further
testing of the system can be conducted in a pseudo knowledge market, where knowledge
needs to he priced, evaluated, and traded. One strong point of this system is that it can
be used for different purposes of knowledge search. 'The fitness of knowledge search is

investigated quite often, and it reveals that content is only one aspect of knowledge.

Information techniques can be applied to help expose the various aspects of value.

‘The focus on role information leading to challenges against the popular approaches
of measuring member performance based on the frequencies of posting. Many experts in
a field only respand to the mest critical questions, while leaving the general problem
answered by lower status experts. ‘The recognition of role informasion can be beneficial to
the development of community if used effectively and reduces the adversary bottlencck

effects.

Communities cannot be easily classifled as a hierarchy scructure nor a market.

Rarher, it is like an epitome of society. Our experiences in employing Social Network

18



knowledge for the study of knowledge sharing in virtual community stand on 2
convenient vet solid theoretical ground. We think thae it will be a fruitful research

direction.
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