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ABSTRACT

A community of practice (CoP) is a group of peopl® share common concerns, problems, or
passions for a domain, and who deepen their knageleghd expertise through interaction on an
ongoing basis. People view a CoP as a wellspringrecious knowledge in the era of knowledge
economy. Notably, many researchers support thHemtiat a CoP is not designed or made but grown.
However, there is no systematic theory of onlinmownity development. Based on the properties of
autotrophic and open system of online CoPs, theresaveral differences between traditional groups
and online CoPs. Interestingly, there exists &alidnapping between the properties of an online CoP
and an ecological ecosystem. This study adopts dmalytic strategy of descriptive framework and
Odum’s ecosystem model to develop an online CoBystem model to identify the evolution of an
ecosystem over time. Finally, some policies imgtians for development of online communities of
practice are proposed based on the ecosystem view.

Keywords: Online communities of practice, knowledge managetnecosystem, evolutionary model

[. Introduction
A. Research Background

A community of practice (CoP) is a group of peopleo share information,
insight, experience, and tools about an area ofntominterest A CoP has been
further defined as a group of people who share comoncerns, problems, or
passions for a domain, and who deepen their kngelegind expertise through
interactions on an ongoing basis A community’s focus could be on a professional
discipline, a skill, or a topic, an industry, osegment of a production procésslt is

! SeeEtienne Wenger, Communities of Practice: LearnMeganing and Identity

(Cambridge: Cambridge University Pra€98).

% SeeEtienne Wenger, Richard Mc Dermott & William M. @jer, Cultivating Communities of
Practice: A Guide to Managing Knowled(foston, MA: Harvard Business School Press. 2002).
® SeeRichard A. Mc DermottiKnowing in community: 10 critical success factarduilding
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loosely connected, informal, and self-managed; negsftip in a community depends
on participation, not institutional affiliation weporting relationships. Although they
usually gel around a particular topic or domaire #pecific issues they focus on
change over time, as the needs and interestsiohtleenbers change.

The three fundamental elements of a community afctpre are: domain,
community, and practiée
(1) Domain: A domain defines a set of issues and legitimizes dbmmunity by
affirming its purpose and value to the communityiembers. The domain of a
community of practice can range from common knowtho highly specialized
expertise. It is easier to define a domain if ¢hisralready an established discourse
or a professional discipline, but what brings merstiegether is not always based on
recognized topics. Members of a community mayeslgprofession or a discipline,
or play the same roles. A listserv or newsgroup matter how well-trafficked, is
not a community of practiée Without commitment to a domain, a community is
just a group of friends.

The domain guides the questions they ask and the tiv@y organize their
knowledge or present their ideas. It is what iregpimembers to contribute and
participate, moreover, helps them sort out whashare and how to distinguish
between a trivial idea and one with promise.

(2) Community: A group of people who care about a specific donfarmed a
community through interact, learn together, anddotelationships. Having others
who share one’s view of the domain and bring thelividual perspectives on a given
problem creates a social learning system. Memherstay be self-selected or
assigned, but the actual level of engagement depamgersonal willingness; that is,
participation is voluntary. Participation can beeuraged, but the kind of personal
investment that makes for a vibrant community cameanvented or forced.

(3) Practice: Practice denotes a set of socially defined wayslahg things in a
specific domain. It is a set of common approacres standards that create a basis
for action, communication, problem solving, perfamoe, and accountability.
Whereas the domain denotes the topic the commimityses on, the practice is the
specific knowledge the community develops, shaesg] maintains. Successful
practice development depends on a balance betwaeh activities, in which

members explore ideas together, and the productiothings® like documents or

tools.

CoP is not a new concept. Dating back to the Midsljes, people gathered to
form guilds for discussing practical issues, evagygroblems, and exchanging
resources, therefore guilds were deemed one céribeent CoPs. Today, CoPs are
still pervasive. They have continued to proliferat various aspects of human lives.
An organization or industry has its own formallycognized or invisible
practice-based communitfes

In the era of knowledge economy, the practice dinenCoP is drawing more

communities of practicén The International Association for Human Resourderimation 1-12

(2000).

* Seegenerally Wenger et abppranote 2.

® SeeMark S.Schlager , Judith Fusco & Patricia SchaBkolution of an on-line education community
of practicein Building Virtual Communities: Learning and Changedyberspace 129-158 (Ann
Renninger and Wesley Shumar eds., New York: Cargbridniversity Press, 2002).

® Seegenerally Wenger et adupranote 2.
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attentions as people view it as a wellspring ofciones knowledge. Numerous
management and design principles for online CoPse hheen presented
Interestingly, many researchers support the ndtiaha CoP is developed over tifie
and it is not designed or made but gréwHowever, in a review recent articles by
Whittaker and othetS& Schoberth and his colleagues asserted no comineonetical
model was found to explain longitudinal aspectshefusers’ communication activity
in online communities. There is no systematic theory to portray onlioenmunity
developmerif. Furthermore, there are many unanswered questEgerding the
development process over time of online CoPs. Aigifothe core structure of CoPs is
important for their development researchers haveidea about the evolutionary
process of the core structtiteDoes the core develop early? Is the core stable
shifting over time? For the entire online CoPspiiactical situations with long term
observation, CoPs’ development usually endurestdfaion that some CoPs are
generally prosperous but suddenly failed. Whatraesons for such fluctuations?
What are emerging structures contributing to a €oBteady development?
Furthermore, what are effects on members with wffe migration time and ages
contributed to a CoP’s development process? Wioeicerning about the change
over time, few field studies have been conductedtackle the longitudinal
development process of online CoPs in order to gasights into the dominant
factors or mechanisms influencing a CoP’s developaigrocess.

Since an online CoP is formed by a group of peaptesting group development
models may contribute constituent constructs tcetstdnd the driving forces toward
its evolution. Over the last five decades, redea have postulated different
models of how groups develop over tithe Chidambaram and Bostrom summarized

" Seee.g., Amy Jo Kim, Community Building on the Wégcret Strategies for Successful Online
Communities, (20005eelennifer Preece, Online Communities: Designingdlisg Supporting
Sociability (2000)SeeMc Dermott,supranote 3.SeeJoe CothreFive ingredients for a successful
online community, Internet Executives Club: Internet Marketing Synmipos(2001).

8 SeeMc Dermottsupraat note 4SeeSchlager et adupranote 5.SeeHeather A. Smith, and James D.
McKeen,Creating and facilitating Communities of PractideHandbook on Knowledge Management:
Knowledge Matters 393-407, (1992).

® SeeAmy Jo Kim, Community Building on the Web: SecBtategies for Successful Online
Communities, (2000). SeeJohnSeely Brown and Paul Duguid, The Social Life obhmhation
(Harvard Business School Press, 20@28eSasha Barab & Thomas Duffyrom practice fields to
communities of practici Theoretical Foundations of Learning Environmenisnéssen, D. and Land,
S. M. eds., NJ: Lawrence Erlbaum Associates 20B@¢Wengersupranote 1.SeeWenger at asupra
note 2.

10 Seegenerally Whittaker et alThe dynamics of mass interaction"3&oceedings of CSCW Seattle
Washington.

1 Seegenerally Thomas Schoberth, Jennifer Preece & Atrginzl,Online communities: a
longitudinal analysis of communication activiti®pceedings of the 36th Hawaii International
Conference on System Sciences (2002).

12 seeUwe MatzatCooperation and community on the Internet: Pastéssand present perspectives
for theoretical-empirical Internet researdtroceedings of Conference on Trust and Communitjhe
Internet, Center for Interdisciplinary Researchrr@any (2002).

13 SeeHeather A. Smith, and James D. McKe€rgating and facilitating Communities of Practide,
Handbook on Knowledge Management: Knowledge Ma@8B5407, (1992)SeecAvia et al.,

Network analysis of Knowledge Construction in Akyocous Learning Networkg3) Journal of
Asynchronous Learning Networks23, (2002).

14 Seee.g., Robert F. Bales & Fred L. Strodtbekases in group problem-solvingg Journal of
Abnormal and Social PSYCHOLOGY 44%b, (1951)SeeWarren Bennis, and H. A. Shepard.

A theory of group developmeftHuman Relations 415-457, (1958geW. R. Bion, Experiences in
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these models into several categories as listedgar& 1° Nevertheless, there are
some different CoP properties between traditionabugs and online CoP
development models. This research takes two aspacely addressed in prior
studies into account as follows.

Group Development Models

Sequential Non-sequential
Progressive Cyclical Time-based Structure-based
— Linear-progressive| —  Life-cycle —Punctuated Equilibrium | —Adaptive Structuration
—  Equilibrium — Recurring-cycle — Social Entrainment

Figure 1. Group development models (ChidambaranmBarstiom, 1996)

The first aspect views an online CoP as an autbicopystem. A group has
limited life span by examining group developmend#s; that is, a group has a fixed
starting and ending point. In studies where timd deadline pressure have been
explicitly recognized, the behavior change in g evident with the passage of
time, and results in different development motfels contrast, since members of an

Groups (New York: Basic Books Inc.196BeeArtemis ChangPunctuated equilibrium and linear
progression; Toward a new understanding of groupettgoment46 (1) Academy of Management
Journal 106-117, (2003%eeConnie J.Gersicklime and transition in work teams: Toward a new
model of group developmeg{1) Academy of Management Journal 9-41, (1988 David Johnson
and Frank Johnson, Joining Together: Group TheodyGroup Skills

(Boston: Allyn and Bacon 1977%eeRoy B. LacoursiereThe Life Cycle of Groups: Group
Developmental Stage Theolygw York: Human Sciences Press 19&Beloseph. EdwardcGrath,
Time, interaction and performance (TIP3 A theory of groups Small Group Research 524-5791)9
SeeStevenL. Obert,Developmental Patterns of Organizational Task Geup Preliminary Study 36(1)
Human Relations 37-52, (198%eeSarkar & SahayJnderstanding virtual team development: An
interpretive study3 Journal of the Association for Information Syste2d§-285, (2002)SeeA.Seers,
Temporal pacing in task forces: Group developmemteadline pressure23(2) Journal of
Management 69-187, (199 8eeS.A Wheelan & J. M Hochbergaralidation studies of the group
development questionnaire, 3mall Group Research 143-170, (199%¢eWorchel, S.,
Coutant-Sassic, D. and Grossman, M. A developmeapiatoach to group dynamics: A model and
illustrative Research in S. Worchel, W. Wood, and.5impson Group Process and Productivity
181-182 (eds., Newbury Park, CA: Sage Publicatk98?).

15 Seelaku Chidambaram and Robert P. Bostr@mup Development: | A Review and Synthesis of
Development Model$6) Group Decision and Negotiatiat69-187, (1996).

16 SeeKelly Burke and Laku ChidambaraBevelopmental differences between distributed and
face-to-face groups in electronically supported timgeenvironments: An exploratory investigation,
4(3) Group Decision and Negotiation 213-234, (19%€eLaku Chidambaram and Robert P. Bostrom.
supraat note 15SeeR.C GinnefThe airline cockpit crewn J. R. Hackman, Groups That Work (and
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online CoP can overcome space, time, and orgaaimdtboundaries by employing
information technology, the life span lasts if imded. Besides, due to the limited
life span of a group examined in prior studies, lpera may expect that they may not
work together in the future. Expectancy theoryigates that the future expectation
can influence the current behavior. Such expextatiften leads to very different
responses if the group has no fullireHowever, the relationship of online CoP
members lasts and groups may form and reform aeomiisly through information
technology if desired.

Besides, all groups in prior studies are given ipeasks to completé. Results
indicated that the temporal pattern postulatedhm punctuated equilibrium model
reflects task pacing with a deadline, rather tiengroup development procéss

On one hand, the examination of dissimilar tasksgsrconflicting resultS. On
the other hand, members in a CoP may pursue a canmtgrest or goal within a
specific domain via exchanging resources, practiknbwledge, or advisory
information, but not exactly perform certain tasks.

In ecological terms, an online CoP is an autotropyisteri® namely, it is a
self-supporting system. The life span of an on@w® mainly depends on members
that it will collapse if no members want to parpieie continuously in the online CoP.
On the other hand, traditional groups in prior gralevelopment studies, or online
groups such as online training/learning groupstuairteams, are all heterotrophic
system&. The fate of these groups hinges on outer fora#®er group members
themselves. They must undergo predefined life tlengnd major differences
between them are on the group process and finabme.

The second aspect treats an online CoP as an gpams Opposite to fixed
membership in group development models, the merhipers self-subscribed, and
member fluidity is relatively high in an online CoPMembership might be open to
anyone interested, and they can leave in free wilherefore, members may have to
link and re-link to their social networks, and aefitheir individual roles, repetitively.
Similarly, the size of an online CoP can be vergdasince it is open to the public.
Most of well established online CoPs are generatignposed of members over ten
thousands. It may be impossible to know all of thembers personally. These
settings are quite different from those prior stsdion group development.
Furthermore, these distinct features hinder the somement of some research
constructs such as trust or norm, especially whewg &re based on fixed membership
or when it is necessary to collect perception dieden members. The problem of
self-selection is also obvious because the respasds questionnaires are mostly
active members. These aforementioned distinctufeat are less tackled in
concerning online CoP development model. Furtheemesome defects in prior

Those That Don't): Crating Conditions for EffectiVeamwork,( Jossey-Bass, San Francisco: CA
1990).SeeSeers,Temporal pacing in task forces: Group developmemteadline pressure? 23(2)
Journal of Management 169-187, (1997).

7 SeeDonald C. Hambrick & Richard A. D'avenilop team deterioration as part of the downward
spiral of large corporate bankruptcy, 38 (Ianagement Science 1445-1466, (1992).

' Seeluka Chidambaram and Robert P. Bostreapraat note 15.

19 SeeA. Searssupraat note 16.

% seeChidambaram & Bostrom, R. Supraat note 15.

2 SeeR.E Ricklefs Ecology (3 eds. WH: Freeman and Camg®90).SeePeter D. Stiling
Introductory Ecology (Englewood Cliffs, N.J.: PrieetHall 1992).

2 Seeld.
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group development studies are also deserved attenti

First, Chidambaram and Bostrom argued that mostetsodre drawn from
student groups. Several researchers pointed a@uitithis problematic by using
zero-history groups in information systems resedrchit raises serious concerns
about the general applicability of the results frstindying the behavior of groups that
have never worked together before and will neverkwogether in the futufé.

Second, prior models say little about the mechasisfrchange, but it is critical
to understand and manage group developmehtgroup often changes in social and
work processes throughout the time of its existendgnderstanding these changes,
such as the consequences of these events, is anptotguide the group toward high
performancé.

Third, previous research on group behavior suggists groups change over
time; group development models can be referredattems of changé Recently,
authors have recognized the existence of continabasge, and changes are ongoing,
evolving, and cumulativd In the virtual work environment, individuals magpt
only manage continuous changes, but also have fdtésr change which increases
the complexity of the work proceéSs Most studies that acknowledge that social
structures of organizations or groups are subechange over time; however, they
only consider a single snapshot of the social aireas. Therefore, studies continue
to rely on empirical tests associated with a gigeatic structur®. Consequently,
the length of a study directly influences the depetent pattern identified by
researchers, especially among sequential modelbser@ng groups over different
time periods may result in different models of depenent since these models in
literatures offer snapshots of groups at diffesages of their life-spans. Although
the limitations of such a single snapshot apprdeste been recognized, financial and
organizational constraints have limited effortstba inevitable changes that occur in
networks over tim&. Miller also pointed out that the relative difflty of studying
the dynamic group processes has been a limitinprfamn the amount and scope of

% Seee.q., Ernest G. Bormanfihe paradox and promise of small group resea8t{l) Speech
Monographs 211-217, (1970).

24 SeeChidambaram & Bostrom, R. Supraat note 15.

% SeeManjuJ. Ahuja & Kathleen M. CarleyNetwork structure in virtual organizations, 10 (6)
Organization Science, 741-757 (1999¢eJames E. McGratlgtudying groups at work: Ten critical
needs for theory and practiée Designing Effective Work Groups, 363-392 (Goodia S. and
Associates eds., San Francisco: Jossey-Bass 1388)homa Schoberth et alQnline communities:
a longitudinal analysis of communication activitceedings of the 36th Hawaii International
Conference on System Sciences (2003).

% SeeD. L Miller, The stages of group development: A retrospectivdyssf dynamic team proce26
(2) Canadian Journal of Administrative Sciences-124, (2003).

7 SeeChidambaram & Bostrorsupraat note 15.

% SeeAndrew Pettigrew, Richard W. Woodman & Kim S. Caame Studying organizational change
and development: challenges for future researci4)#cademy of Management Journal 697-713,
(2001).

%9 SeeMary Beth Watson-Manheim, Kevin Crowston & KatmeriChudobaDiscontinuities and
continuities: A new way to understand virtual watk, (3)InformationTechnology and People
191-209, (2002).

% seeShaulM. Gabbay & Roger Leenders $gcial capital of organizations: From social struc to
the management of corporate social capifal, Social Capital of Organizations 1-20, (2001).

31 SeeBarry Wellman, J. Suitor & Morgan, D. It's about time: how, why and when networks change
19 Social Networks 1-7, (1997).
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the group research

B. Research Questions

Many questions regarding the changes over time nofomline CoP remain
unanswered, and fail to address the characteristicsonline CoPs. Some
shortcomings identified in previous subsection iresspus to adopt an alternative
perspective to understand the developmental proockssline CoPs. There is a
strong need to develop novel perspectives thaghbnsights beyond those generated
and validated using the traditional theoretical amethodological perspectives. If
we want to open the black box of evolutionary psscethe question is, how to
develop a systematic theory of online CoPs devetopintoncerning about the
properties of online CoPs? In other words, howntmdel an online CoP so that we
can thereby systematically describe the changeslofe CoPs along the timeline?

To answer the research question, this study dedwlesdopt the ecological
perspective for several reasons articulated agvisl

First, the mechanisms of change can be suitablgried from ecological
perspective. In general, development often implieat things become better.
Evolution, from the Latin, “evolutio,” is widely esl for temporal change, that is,
change with tim&. What we are concerned about, the developmemtalepses
over time, or, alternatively, the evolutionary pgss, are akin to the central theme of
ecological theory. Besides, the ecological perspecis more holistic and
macroscopic, where the level of analysis is theremcosystem, and the issues in
individual member fluidity can be tackled accordyng Actually ecologists refer to
the processes that population as a whole gradahfinges composition as “phyletic
gradualism,” namely, the gradual one-by-one salactf population members.
Thei3r4 focus is on how natural selection progresgiveansforms population over
time™.

Second, many ecological concepts are mentionedumerous CoP-related
literatures to describe CoPs, such as a communiyganic CoP is much like a living
organism growing and evolving over time and is aigagrowtt?>. Besides, being
immersed in some CoPs for several years, we alsadfthat members usually use
some ecological terms such as dead, alive, enelggtainability or evolution to
describe the individuals or CoP members as a whdléis phenomenon supports
that the adoption of ecological perspective is appate.

Third, several studies indicated that the ecoldgapgroach seems to provide a
powerful framework for understanding complex hunsacial issue§. Moreover,

32 SeeDavid L. Miller, The stages of group development: A retrospectivdysof dynamic team
process20 (3) Canadian Journal of Administrative Scient2s-134, (2003).

¥ SeeEugene Pleasants Odum, Ecology and Endangere&@ujiport Systems (Sunderland, MA:
Sinauer Associates, Inc 1993).

3 SeeGraham W. AstleyThe two ecologies: Population and community perspes on
organizational evolution30 Administrative Science Quarterly, 224-241, (1985

% Seegenerally Robert McDermotknowing in community: 10 critical success factorduilding
communities of practic€he International Association for Human Resourderination 1-12, 2002.
SeeBarab et al.Designing system dualities: Characterizing an oalprofessional development.
communityin Barab,S. A., Kling, R., and Gray, J. (eds.), Designimg\Mirtual Communities in the
Service of LearningCambridge, MA: Cambridge University Press, 2004).

% Seegenerally Bronfenbrenner, The Ecology of Human &egment: Experiments by Nature and
Design, Cambridge (MA: Harvard University Press 2R discussing the role of human development.
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an ecological model offers two main advantages amnday of allowing for the
inclusion of complexity, and, a new language anda$eanalytical and descriptive
tools from the ecological scienéésThe type of ecological framework has quite
successfully in several other areas including meat of poor healtfi studies of
organizational behavidt world politics'®, curriculum innovatioft and a study of the
effects of violence on children.

Thus, ecological perspective can structure the néisseelements of group
interaction in online CoPs, which may help to emstitat important elements of
interaction are not ignored because they are tooptex to integrate. This could
potentially be helpful in accurately modeling thelioe CoPs and studying their
development. We will further elaborate the conadptcological perspective in the
following section.

I. Ecosystem Ecology

The word “ecology” comes from the Greek “oikos,” aneng “household”,
combined with the suffix “logy”, meaning “the stuaf.” Thus the discipline of
ecology is literally the study of households, aedme live together as interdependent
beings. The dictionary defines ecology as “thenbnaof biology dealing with the
relations of organisms to one another and to {itejsical surroundingé®. Ecology is
also one kind of study of help for us to understehanges of populations in relation
to time and space, such as (1) how many organi@nsow are they distributed, (3)
how they changed, and (4) why they changed in wet (Ricklefs, 1990; Stiling,
1992).

A fundamental concept in ecology that enables tiestic study of both parts
and wholes is hierarchy. The basic, autonomoudicbionit is organism A
population is a group of the same organisms$peciesis a similar concept to
population, which signifies groups of organismshwgpecific characteristics. A
communityincludes all of the populations or species living particular area. The
community and the nonliving environment functiongdéther as anecosystem
Groups of ecosystems along with human artifactsemgk alandscape Biosphere
is the widely used term for all of the earth’s g@dsms functioning together on a
global scale. Among them, an ecosystem is the dovevel in the ecological
hierarchy that is complete with all the necessamgonents for function and survival

Seealso Bronfenbrenner & Ceblature-nurture reconceptualized: A bioecologicaldabl01 (4)
Psychological Review 568-56 (1994) discussing the of technology and literaceeBertram C
Bruce and Maureen P. Hogdlhe disappearance of technology: Toward an ecoldgnodel of
literacy, In Reinking, D., McKenna, M. C., Labbo, L. D. anéKer, R. D., Handbook of Literacy and
Technology: Transformations in a Post-Typographarid/281, (Mahwah, NJ: Erlbaum 1998).

37 SeeArthur Tatnall and & Bill Daveyimproving the chances of getting your IT curriculum
innovation successfully adopted by the applicatiban ecological approach to innovation, 7
Informing Science Journal 87-103, (2004).

3 SeeJoseph. G. Grzywacz and Juliana Fudume social ecology of health: Leverage points and
linkages 26(3) Behavioral Medicin01-115, (2000).

39 SeeWilliam Barnett, Mischke G. A. and Ocasio, Whe evolution of collective strategies among
organizations22(1) Organization Studies 325-354, (2000).

0" SeeSimon Dalby, Ecologicahetaphors of security: World politics in the bibspe, 23(3)
Alternatives: Social Transformation and Humane Goaace 291-320, (1998).

1 SeeTatnallsupranote 37.

2 SeeSimon Dalby,Ecological metaphors of securifthe Oxford English reference dictionary
(Oxford: Oxford University Press 1996).
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over a long term. Since we view an online CoP rag@osystem, we should pay
special attentions on it.

The basic definition of the ecosystem was firstposed by Tanslé§. He
defined an ecosystem as a biotic community andsseciated physical environment
in a specific place. The main components of thecept are its biotic and abiotic
(nonliving) features and the interactions betwdsent. An ecosystem is an open
system; that is, things are constantly enteringlaading. As shown in Figure 2, an
ecosystem consists of a system, which represeatarém we are interested in, and
two large parts as input and output environmenEnergy is a necessary input. The
sun is the energy source for the biosphere, amtttiirsupports ecosystems. Energy
also flows out of the system in the form of head ather transformed forms such as
pollutants. Moreover, organisms may enter (imnigjrar leave (emigrate) as well.

OUTPUT

Processed energy and materials;
emigration of organisms

materials
and organisms

ENVIRONMENT ENVIRONMENT

IE + S + OE = ECOSYSTEM
Figure 2. An ecosystem as an open system (Odun3)199

To further understand the components and functainan ecosystem, we can
refer to Odums ecosystem motel which is the most representative and has
influenced a generation of ecologfSts

As displayed in Figure 3, bullet-shaped units awot@ophs, hexagons are
heterotrophs, tank-shaped boxes are storagesrépogsents recycling materials, and
arrows-into-ground are heat sinks (where heats.lo

3 SeeArthur G. TansleyThe use and abuse of vegetational concepts and tdBrEcology284-307,
(1935).

4 Seegenerally Odlumsupraat note 33.

%> Seegenerally Robert E. Ricklefs Ecology (3rd ed., WAteeman and Company 1990).
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Ecosystem boundary

One-way energy flow "‘

Stored energy

-- Energy feedback

Material (nutrient) inpu
and organisms

__.__..—-l-'

Material (nutrient) =~ - —
cycles and storage R Material
7 export

_____________________________________

Hea_t sink

Biotic structure
(the community)

Figure 3. Odum’s ecosystem model
An ecosystem has two major biotic components. tHssan autotrophic
component, able to fix light energy and manufactéwed by the process of
photosynthesis. The green plants constitute thetraphic component. These
organisms may be viewed as producers. The secaadr rbiotic unit is the
heterotrophic component, which utilizes, rearrangasd decomposes materials
synthesized by autotrophs. Generally, fungi, atémiamcluding human, constitute
the heterotrophs. These organisms may be thoughasothe consumers or
decomposers. The autotrophic and hetertrophic ocoemis depicted in Figure 3 are
linked together in a network based on their inteoacrelationship.

Energy, materials, and pools are primary abiotimgonents. There are two
abiotic functions that make the ecosystem operaktjonamely, energy flow and
material cycles. Energy is defined as the capacdtgo work. It is required to
drive the cycling of chemical materials. Energgwilis one-way, although it may
sometimes feedback through storage. It flows fritv® sun or another external
source through the biotic community as the heal, farally disappears. Therefore,
an ecosystem demands continuous inflow of energgustain its lives. In contrast
to energy, chemical materials, such as nitrogepatcium, can be used repeatedly
without losing utility. These materials are storgd pools. In a well-ordered
ecosystem, many of these materials cycle back entid hetween pools of abiotic and
biotic components. These are called the biogeomatntycles. A certain
chemical materials are necessary for life. Thesecalled nutrients and tend to be
retained and recycled within living ecosystéfns

There are five steps to establish an ecosystem Inaaderding to Pickett and

46 SeeOdumssupranote 37.
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Cadenassd'”:
Step 1. Identify the components of the mod&he components of the models

are the biological, social, or geophysical entitileat are of intereg for example,

species, populations, soils, patches, nutrientsrggn and various kinds of capital.
The components will be included and specifies aqtwbvel of aggregation they are
evaluated should also be identiffed For example, organisms can be considered as
individuals or communities.

Step 2. State the spatial and temporal scale ofnibdel The second step in
establishing ecosystem model is to state the $patihtemporal scaté  Spatially,
ecosystem models can range from fine to coarseescallemporally, ecosystem
models can have seasonal, decadal, or longer extent

Step 3. Delineate the boundary of the ecosystéfhe boundaries must be
specified since an ecosystem is conceived as aabpetit’. Boundaries allow
ecologists to simplify their views on a system, identify an external set of forcing
functions, and to calculate changes in material @metgy budgets. The boundaries
of an ecosystem can be specified as a matter ofvecience, to follow
geomorphological divides, to understand a politieatity, to recognize changes in
flux rates, or to respond to changes in the frequesf some ecological process of
interest. Convenience and physical borders arentbst common motivations for
setting ecosystem boundaries.

Step 4. Articulate relations among component§he ecosystem model must
also clarify the relations among components insdesy. For instance, exactly what
components and entities are linked to one anothérhis case, a food web is an
appropriate representation of the relation betwaeadators and preys. Further, we
may also want to know which part of a system ibttigcoupled and which is only
weakly coupled? The relation merely indicates whicdmponents are linked, how
they are linked is exposed by identifying the iméging ecological interactions and
influences. Interactions that are included inrtinedel depend on the type of model
being built.

Step 5. Identify the constraints on system behaviérmodel must also identify
the constraints on system behavior. Dependinghenprocesses and components
included in the model, there are various principtegy constrain the behavior of
system components. For example, in a nutrient irtbdéfocuses on the processing
of nitrogen, the availability of oxygen acts asitiaal switct?™.

[ll.  Online CoP Ecosystem Model

In science, metaphor plays a generative or creatole (Pickett, 1999).
Metaphors are useful in viewing certain aspecta obmplex system, but can greatly
improve the understanding of complex issues. WmvioYin's (1994) analytic
strategy of descriptive framework and thus use rtietaphor of an ecosystem to
integrate and organize sets of dimensions in prlab the evolutionary process of an

" SeeStewart T.A Pickett and Mary L. CadenasBoe ecosystem as a multidimensional concept:
Meaning, model, and metaphbrEcosystem1-10, (2002).

8 Seelax, K.Jones & Stewart T. A PickeTihe self-identity of ecological uni® Oikos, (82) 253-264.
9 Seegenerally Odunsupranote 37.

0 SeeGene E. Likens, Excellence in Ecology, IIl: TheoBgstem Approach: Its Use and Abuse
(Oldendorf/Luhe (Germany): Ecology Institutem1992).

®1 Seelones et alsupranote 48 SeeOdumssupranote 37.
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online CoP.

Mappings between ecological and online CoP entiéies listed in Table 1.
Among them, because an ecosystem is the lowedtitethee ecological hierarchy that
is complete with all the necessary components daction and survival, this study
views an online CoP as an ecosystem, and its manayerorganisms that interact

based upon practical knowledge and exchange ressurc

Table 1. The mapping of hierarchical ecologicaltes® to online CoPs entities

Hierarchical — Mapping .
Entities Description Entities Explanation
Every member is a
. The basic, autonomougndividual freewill, autonomous
Organism . . agent, who can choose to
biotic unit. member . :
participate actively,
dormant or leave.
. A group of the same |A group of Two or more members
Population . :
organisms. members. form a population.
. There can be various
A group of organisms |Members play . )
. . e characteristics to judge
Species |with specific the same
o . members whether belong
characteristics. ecological roles :
to the same species or not.
. 'V'emt.’ers . All members with various
Including all of the participate in thg I o
Community [populations living in a [same online roles or domains in an
) . online CoP form the
particular area. community of ,
: community.
practice.
The community and theOnline The ecosystem is
Ecosystem |nonliving environment |community of |composed of biotic and
function together. practice abiotic components.
Landscanpe gg?}uD\?vi?g iz?ns;/items Platform {.e, [The habitat of online
P ng SCTNeT) CoPs.
artifacts.
The widely used term Refer to the universal and
for all of the earth’s The whole general surrounding of
Biosphere |ecosystems functioningeducational online CoPs, including
together on a global |environment. [invisible culture and
scale. physical environment.

A. Identify the model components
The components of an online CoP ecosystem areal list&igure 4. There are
biotic and abiotic components in an ecosystem. IRomtrients and energy are all

abiotic components.

All interaction data betweesmers are stored in the system;

thus, the system storage acts as pools for latesady members.
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Figure 4. Components of an online CoP ecosystem
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Nutrients are materials regarding members’ survival cyclbejween pools of
abiotic system and biotic members within the onl@eP. They can be used
repeatedly without loss of utility. In an onlineoR ecosystem, nutrients can be
domain knowledge. This study identified five categs of domain knowledge
shared in online CoPs. As shown in Figure 5, thare content knowledge,
manipulation knowledge, exercise knowledge, comictknowledge, and context
knowledge. Descriptions and examples of thesegoats of domain knowledge
shared in online CoPs are further elaborated ineTabKnowledge once articulated
and shared in an online CoP as the nutrient, andbeaised repeatedly without loss of
utility because they are stored in the system.

Context Exercise Conviction
Knowledge Knowledge Knowledge
Implicit el v
Explicit et \\
Content Manipulation
Knowledge Knowledge

Figure 5. Categories of domain knowledge of onduds
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Table 2. Descriptions for categories of domain kieolge of online CoPs

Examples (in the

Classificationf Categories Descriptions domain of educatior)

The codified body of knowledg@ he schemas and
Content |for specific domain, including |contents of

knowledge |knowledge structures and environmental

Explicit contents. education.

How to teach

environmental

education?

When applying content or How to represent angd
o k organize the teaching

Exercise |manipulation knowledge in rea :
materials, so that

knowledge |world, there are some gaps ang :
. students can easily
adjustments learnt.

understand?

1. What is a good

Conviction |Personal beliefs or values towasdientific teacher?

knowledge |the domain. 2. Are teachers

Implicit professionals?

1. The level of
individual students.

2. The context of

Manipulation{The knowledge of applying
knowledge |content knowledge.

Context |The knowledge of context equipments and
knowledge |around the domain. classrooms.
3. The newly
educational
policies.

Moreover, information regarding the focal domainoofine CoP is exchanged
frequently. For instance, information about on-jfadining is welcome for most of
domain experts. Sometimes members may post newslation to their domain.
These kinds of information may attract members @in jthe online CoP.
Furthermore, affection interflowing between membisr&nother important type of
nutrient. Some members may share their practitaht®on and anticipate for
emotional supports from others within the same domarhis kind of care is also an
important inducement for members to participata (DoP because they may share the
same professions and own enough knowledge to uaddrskey points. All
nutrients may keep attracting members to come badke online CoP. Without
these nutrients, members may go dormant or ever kb online CoP. When some
nutrients are deleted by leader or posters, theyligcharged from the ecosystem.

This study analogizes thenergyas online activities performed by members.
Because energy is the capacity to drive the nufieycle between organisms, and an
ecosystem demands continuously inflow of energgustain its life. Energy is a
necessary input that directly supports the lif@awofecosystem. If there were no any
online activities for certain periods within thelioe CoP ecosystem, members would
judge the CoP was lifeless and never come backnagdihese online activities
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include the post or response to a topic discusstmuploading or downloading of
resources, logging into the online CoP, or any &intlactions that can be perceived
by others. Some online activities may carry natseand help the cycling of
nutrients while some are irrelevant to nutrientgor instance, responding to a
practical issue with personal experiences is gomdtiie cycling of knowledge;
whereas posting house keeping messages is a lsefjfied.

Energy is a one-way flow that is finally degradedh&at and then disappeared.
Popular issues may earn aggregated energy thaeestes the cycling of nutrients
between members and system. Sometimes energyaunggle and feedback when
stored online activities are brought up, such dspoistings re-mentioned by members.
It happens occasionally because certain topicamwlprofessional domain are rather
important and may be taken repeatedly at somevalter Sometimes members may
have new experiences toward old discussions, ormembers may dig out historical
topics and infill their opinions as well. Howevatthough past online activities may
reappeatr, it is the nutrient rather the energyrdagcles between members.

Besides, members whether playing important rolesnot are all biotic
components oorganismsthat form the community of the ecosystem. In afine
CoP ecosystem, there can be two types of bioticpcorants. People that initiate a
topic for discussion or contribute related resosirage originators, while those who
respond to originators are respondents. The forawer akin to autotrophic
component or producers, because they spend energsirging in or manufacturing
nutrients. The latter are similar to heterotropbmnponent or decomposers since
they may utilize and rearrange the nutrients brougby the autotrophs. These two
components trigger the cycling of nutrients. Thisr@another type of heterotrophic
component; that is consumer. Consumers consunmemist only but irrelevant to
the cycling of nutrients, just like some membersngaaluable knowledge or
information but contribute nothing. All members autonomous agents because
they can join or leave the online CoP ecosystend, participate proactively or
passively.
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B. Steps 2, 3, and 4

In step 2, we state the spatial and temporal ssfatbe model. Spatially, the
ecosystem of online CoP resides in a system phatforAn online CoP is a distinct
ecosystem. Temporally, the extent of the ecosysiambe unlimited if the online
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CoP is sustainable. We measure targeted onlines Gimiee their initiation for three
years.

In step 3, we delineate the boundary of the ecesyst Each online CoP has its
innate and discrete boundary. In other words,asfpeople self-subscribed and are
granted permission to join the online CoP, theyncahogin the online CoP, let alone
interact with members or access the resourceseobiifine CoP. A CoP ecosystem
consists of a CoP, input and output environmenkdembers may join to (immigrate)
or quit from (emigrate) the CoP. Nutrients carbbaught into the CoP by members’
online activities and excluded when deleted. Enaggymported when members
perform certain online activities, but flowed outhewn the utilities of online activities
disappeared. Besides, every online CoP has itsdoarain or goal of setting up, in
ecological perspective, it is the ecological nidi¢he online CoP that distinct it from
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others and thus establish an invisible boundary.

In step 4, we articulate the connections among dbeponents. Network
analysis has been used to develop ecosystem fRednythe last fifteen years,
ecologists have developed a theoretical approadraa®t of computational methods,
called the ecological network analysis. Mathemédticand conceptually, the
ecological network analysis is similar to work ihetdomain of social network
analysi§®>. Much like a food web, which is a representatainvarious paths of
energy flow through populations in the communitye riginators and respondents
are linked together in a social network based a@ir timteraction relationship. As
shown in Figure 6, a link between two nodes deniotiesactions between these two
members. A dark node symbolizes a dormant membey & member falls into
inactive state that is motionless.), and a ligle @a biomasdg.€., a member is active
within specific time). Various shapes of nodesigigmembers joining at different
time periods, and a large node denotes a core mashbee last period.

Figure 6. An example of network structure of atirenCoP in a specific time
period

Root

O———
o—@& & 6
&

(a) Direct Interactive Network

E—F—®

(b) Indirect Interactive Network
Figure 7. Two types of interactive networks

Various types of information technologies can bdized to support the
interaction between members of an online CoP. uinviewpoint, no matter which
kind of interaction mechanisms is adopted, they adntribute to two types of
networks: direct and indirect interactive network#\ direct interactive network is

°2 geeloseph. J. Luczkovich, S. P Borgatti, Johnson Min@. EverettDefining and measuring
trophic role similarity in food webs using regulaquivalence, 220(3) Journal of Theoretical Biology
303-321, (2003).

3 See Id.
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composed of an originator and several follow-uppoeslents; therefore, their
connections can be conceptualized as a tree stefittu Their connections are
immediate, and they all have knowledge about wkpards to whom. For example,
in Figure 7(a), each node represents a respond&fgmber A initiates a topic, and
then members B, C, and D share their knowledge mgmber A. Then, member E
decomposes member B’s response and contributdgehigpinions. We can derive
their social networks by analyzing such respongitreicture®®. Discussion and
message boards are primary information technoldgiading to a direct interactive
network.

Instead, resource exchange and site recommendagdinnctions leading to the
formation of indirect interactive networks, becaaseoriginator uploads documents
but has no idea who will download them. They mayehanteractions but the
relationships are indirect. As a consequencengteork is composed of one-to-one
links without follow-up connections. As demonstdtin Figure 7(b), member A
downloads resources provided by member B, and #irerao proceeded respondents.
To construct such kind of networks, we can dravirected link from member B to A.
In practice, we observed some members seem vacblgsactually quite active in
exchanging resources.

Besides, the tight connection between members fdhmscore structure, and
reveals some sort of ecological patterns. We cacutate the connections through
sociograms of social network analysis and analfieeetvolution of core structures,
namely, keystone structures, as demonstrated bedlbbx of Figure 8. Moreover,
as Luczkovicl?® and his colleagues suggested, we analyzed theadtitmn
relationship through structural equivalence or faguequivalence of network
analysis’. We identified ecological roles every member pthysd understood the
role distribution in an ecosystem, as delineatedrigure 9, where nodes with the
same color denote equivalent ecological roles.

** Seegenerally Avia, R., Erlich, Z., and Ravid, etwork analysis of Knowledge Construction in
Asynchronous Learning Network&3) Journal of Asynchronous Learning Network&31{2003).
55

See Id.

%% Seel.uczkovich et al.supranote 52.
" SeeMartin G. Everett and Steve P. BorgaRple coloring a graph, 21 Mathematical Social
Sciences 183-188, (1991).
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405 101

Figure 8. An example of keystone structure of alinerCoP in a specific time
period

C. Identify the constraints on system behavior

Step 5 identifies the constraints on system behavidhere are various factors
may constrain the behavior of system componentsr ekample, some constraints
may limit the inflowing of energy and cycling of tents. Based on the CoP
ecosystem model, we can systematically identifg frategories of constraints on the
source of outflows as shown in Figure 10.

The ecosystem concept has proven to be immensefiplé and productivé. It
supports researches of individual procesSesnd studies of the reciprocal
interactions between disparate organisms and éffeicts on particular sité% Further,
ecosystem can be an analytic or a synthetic cormegtcan support an impressive
variety of kinds of modef. It is also proved to be useful for understandipstem

change and institute policies of adaptive manageffienMoreover, the
ecosystem metaphor integrates social capital basedociobiology®>. Members
perpetuate their genes by supporting members of ¢len or share resources driven
by reciprocal altruism. In other words, membergest in each other because of
their shared interests or because of the realiz#itiat they all need helps some day.

8 SeeFrank B.Golley, A History of the Ecosystem Concept in EgyloMore Than the Sum of the
Parts, (New Haven: Yale University Press 1993).

%9 SeeG. Agren and E. Bosatta, Theoretical Ecosystenidggo Understanding Element Cycles, (New
York: Cambridge University Press 1996).

0 SeeBuzz Holling,What barriers? What bridges@ Gunderson, L. H., Holling, C. S., Light, S. S.
Barriers and bridges to the renewal of ecosystentsiastitutiong New York: Columbia University
Press 3-34, 1995).

1 SeeFrank B. Golley, A History of the Ecosystem Conaejitcology: More Than the Sumtbg
Parts, (New Haven: Yale University Press 1993).

%2 SeeHolling supraat note 60.

%3 SeeAnderson K. FrankThe dynamics of social capital Pageesented at the Annual Meeting of
the International Social Networks Association, (Nevieans, Louisiana 2002).
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Figure 9. An example of ecological role distributiof an online CoP in a specific
time period
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Figure 10. Constraints in an online CoP ecosystem

In this study, the online CoP ecosystem model seagea conceptual framework
for understanding the evolutionary process of ahnenCoP. Based on Odum’s
ecosystem model, this study proposes a descrigtas@mework to model CoPs.
There are primarily threeomponentsorganisms, energy, and nutrients; and three
types ofconnections network configuration, keystone structure, andl@gical role
distribution. There are also five categories adfnstraints on the ecosystem
functioning. They serve as our dimensions of desgy changes within an online
CoP ecosystem over time. The detailed tabular nafdine online CoP ecosystem
evolution is listed in the Appendix.

IV. Policy Implications for Development of Online Gommunities of

Practice

This study aims at modeling an online CoP in otdesystematically analyze the
changes within an online CoP over time. This stidbntifies an ideal mapping
between online CoPs and ecological ecosystems, develops an online CoP
ecosystem model based on Odum’s model of ecosystdayout the dimensions of
describing changes within an ecosystem over tinBased on the ecosystem view on
communities of practices, we can derive severalatde hints regarding development
of online communities of practice for CoP managerbor online CoPs to be
functioning well, we’ll draw policy implications aording to five categories of
constraints, since these constraints should bermsygically located and managed for
the development of online CoP.
(1) Build more connections between immigrants offfdient times This type of
constraints may hinder the new members to join dhkne CoP. If the rate of
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member loss is faster than that of member sigrthiea,online CoP is obviously in
danger. Niche overlapping, for instance, could dome of the possible reasons.
Each online CoP has its own focal domain. Whembéished, the articulated
domain immediately drew invisible boundary arouhne online CoP. In other words,
the niche of this online CoP is determined. Neéwddss, when the niche is
overlapped with other online CoPs, some constraintdevelopment emerged. For
CoP managers, the deliberation of CoP niche istigairissue due to its the startup.
Furthermore, since online CoPs are open to pubiit @ould have large size of
member bases, they often have immigrants of diftetimes. CoP managers should
take notice of how to build more connections betweemigrants of different times,
because the inter-linkages could have associatwits the development and
perpetuation of online CoPs.

(2) Strengthen the image of ongoing movement ofinal CoP. Continuous input of
energy is prerequisite for the survival of an estsy. If there are very few online
activities in an online CoP, then members wouldg@ee this online CoP to be dead,
and forget it very soon. Some factors may hindemimers from coming and
performing online activities in online CoPs. Faxample, limited information
literacy of members is a possible reason contmiguto such a situation. Some
members may not be capable to interact online ontaia the habit of participation,
and thus remain the status of dormancy. An imporask for CoP managers is to
establish a mechanism to strengthen the image gding movement of online CoP,
which is essential for attracting members to conteor instance, active delivery of
weekly report on new topics discussed may be gerifpr inviting members’ further
participation. Besides, CoP managers may arramggic periodic activities in
online CoP to get focused.

(3) Create and promote the sense of cla@oP managers should pay attention to
factors inhibiting sharing of five categories ofnalmin knowledge in online CoPs.
The competition between organisms is one obviousstcaint on inflowing of
nutrients. AlthoughKropotkin suggested organism vs. environment ma leo
mutualism or reciprocal altruisth however, since members usually share the same
profession in an online CoP, as a result may leadompeting relationship. In
ecology, we see organisms of the same clan help @aather to perpetuate the gene
line. Although they joined the same online CoR/antheless, they don't perceive
other organisms as their clans. Thus, how to eraatl promote the sense of clan is
an important task for CoP managers. Besides, batamutrients are required to
develop well in ecology. There could be five typels domain knowledge as
demonstrated in Figure 5. CoP managers shouldreevidalanced nutrients could
have associations with the development and perpetuaf online CoPs.

(4) Facilitate outflows of originators As we described in Section 1, open system is
one of the characteristics of online CoP. Therelmaa big member base with many
members unknown. This may hinder members fromrtglgbout something at their
free will. Moreover, people may not pay attentiorwhat others have said, but they
always remember and care about what they propasé¢ocawhat others respond. It
may be more apparent in an online CoP. Becaugestiage the same profession and

% SeeRichard Dawkins, The Selfish Gene, (Oxford: Oxfbluiversity Press 1989%eeRobert
Wright, R The Moral Animal: The New Science of Ewtibnary Psychology, (New York: Vintage
Books 1994).
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codified body of knowledge, and don't have manyndes to meet face-to-face, they
tend to judge others from their online behaviorpeesally their statements.
Therefore, some members think passively that thayehnothing valuable to
contribute, or would write once and edit severahes before and after their
statements posted on their CoPs. They do caret aldeat others will react to their
posts, and employ the characteristics of rehedityatdnd reprocessability of
electronic medium very well. Comparing with mostertainment-oriented online
communities, this is quite an interesting but comrmpbenomenon in an online CoP.
It will be of help to the refinement of knowleddepwever, this also constrains the
knowledge flowing between members because some sremlould rather not to run
the risks of being scorned and reduce the frequeneypress their opinions.

(5) Encourage outflows of respondentsOne constraint is resulting from
miscommunication.  The constraint is originated nfrathe synchronous and
asynchronous nature of the online CoPs. Some mamibay meet frequently
online or face-to-face, but fail to inform other migers. This makes other members
think that their arguments are ignored. They araware of the status of
interrelation among members, and even worse they ecease to continue sharing
knowledge. Moreover, sometimes, the discontinaftywutrients cycle results from
the similar situation, where part of members comicate through discussion board,
but latter they choose email to communicate betwbemselves, which misleads
others to perceive that the interaction has endédirthermore, among various
available communication tools, they have no ide&lkwlone their partners are using,
or whether they have received messages passedltheaiher one of communication
tools.

The conversation in an online CoP is not percen@ainuity as we usually do
in physical settings. Conversions in the physdiatussion, we have the sense of
phase. After one person proposes his argumenknaw it's another person’s turn
to make a statement to form a discussion, and dhgersation continues iteratively.
In an online CoP, again, due to the synchronousaggdchronous natures, the turn of
taking concept is unobvious. The originator stdisther arguments, and passes the
right of speech to indeterminate others, and waitgesponses. In most cases, no
one is psychologically obliged to react to the pdstems. They feel that they are
sitting in front of the computer, and individuallyteracting with the whole group’s
writings on the monitor. They have no obligationréad, or to answer the received
messages. As a result, some posted items do ceveeany feedbacks because they
have never been viewed by others and remain unéoliadr somebody reads it, but
gives no comments due to unable to answer or altitd share knowledge. These
hinder the flow of knowledge circulating betweenmters.

Circulated organisms are organisms involved in nioérient cycling. If the
average circulated organisms in an online CoP iemend two or three, which means
every discussion thread has two or three membetgipated in the discussion in
average. If the number of average circulated asgas in an online CoP is always
low, then it would be not ideal for professionabhldgues. In a discussion, each
member plays the role as a decomposer to dissauidgtents in former arguments
and integrate new nutrients based on his own spgcidf fewer members involved,
the circulated nutrients supposed to be limitedor GoP managers, above-mentioned
are all critical points to address for online Ca&velopment.
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V. Future Research

In the near future, the authors plan to conduohgitudinal exploratory study on
online CoPs for a long period of time, for examplaee years. Three years of
longitudinal study may prevent the biases drawmfeingle snapshot and limited life
span. We'll categorize online CoPs based on th#ssts of the group member
interaction and select some representative cadegery six months the aggregated
data of targeted online CoPs are treated as theofianalysis. The whole life span
of an online CoP under study will be analyzed ideorto avoid the problems of
zero-history groups and drawn bias conclusion frobbservation of groups over
different time periods. We attempt to detect andlyze the changes of community
structures in the ecosystem using social networdyais tools. Moreover, since
guantitative data may fail to capture some intésactnodes, we’ll employ content
analysis and semi-structural interviews to gainginis from the evolutionary process.
We hope we can gain valuable insights into the ld@weent of online communities of
practice through ecological perspectives.
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Appendix. The descriptive framework of ecosysterml@ion

. . - Methodology and
Categories | Attributes Descriptions gy
Measurements
Components
The movement of individuals into an ecosystem.
Immigration |Number of new members approvedjtin theSystem logs analysis.
online CoP.
The movement of organisms out of
. . ecosystem. .
Emigration Number of approved members choose to ISystem logs analysis.
the online CoP.
. L . System logs analysis.
Organisms living in a particular area. Habitants = Habitants (12
Habitant |[Number of approved memers remained in tf " o> U9
. periods) + Immigration -
online CoP. . .
Emigration
Organisms The size of living weight or organisms. System logs analysis. .
Biomass |Number of approved members remain aliv Me_mbers come  to th_'
i online CoP within si
the online CoP.
months.
Organisms fall into an inactive state that is System logs .an?IyS|s.
. Members didn't come
dead but motionless. back to this online Cd
Dormancy |Approved members but are not biomass, th{ ==
, . . within six months.
they haven't login the online CoP for cert _ .
. Dormancy = Habitant |-
time. .
Biomass
. __._|Members keep coming to this online CoP s .
Macrobiosis joined the online CoP. System logs analysis.
Gross All kinds of online activities performe(byS stem loas analvsis
production members within the online CoP. y 9 ysIS.
Production by autotrophsyhich signifies th
; nature of some online activities are playing
Primary S : . ,
duction role as initiators and having the potentia|System logs analysis.
produc attract following energy concentratedSuch a
topic initiated, and resource uploaded.
Production by hetertrophsyhich denotes th
innate characteristics of certain online activ
Secondary [that cannot exist singleanded, but have .
. ! . . System logs analysis.
production |accompany with pmary productions. Boa
reply and resource download are on
activities fall in the category.
Energy : . .. .. :
Direct Connections of direct interactiare immediate
interactive |and organismshave knowledge about w|System logs analysis.
production responses to whom.
) They have interactions between organisms
Indirect  |the ~ relationships are indirect. Resol
interactive |exchange and site recommendation are o|System logs analysis.
production |activities belong to this kind of interact
production.
Production . - I Productions / Time (H4
Average productions within certain time.
rate Year)
I_:’roduc_;tlo_n Average days between two productions. Time _(Half year)
discontinuity Productions
. . . . . . stem logs analysis 4
Nutrients Conservat|0r||Number of nutrients retained in the online Cq ?gntent analysis.
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Circulated
organisms

Number of organisms involved in each threa
discussion.

Content analysis.

Discontinuan
ce of cycling

Frequencies of discontinuance of cyc
identified.

Proposed prokims
unanswered, or
response.

or requests
targeted member

rem
di

Content analysis.

Connections

Interactive
network

Density of the networkis the proportion ¢
possible lines that are actually present in

Social network analysis.
Identified through netwo

Density each group. It is the ratio ofdmumber of lingproperties  analysis
present to the maximum possible. NetMiner.
Social network analysis.
. [The number of connected points expressed|ldentified through netwo
Inclusivenes froportion of the total number of points. properties  analysis
NetMiner.
Social network analysis.
Reciprocity Thg ratio Qf the maximum numt_Jer Identifigd through netwo
reciprocated ties to the total number of ties. |properties  analysis
NetMiner.
Social network analysis.
Hierarch This measure is to calculate how much netyldentified through netwo
Y |have hierarchical character. properties  analysis
NetMiner.

Block density

To understand the interactions betw

immigrants of different times.

Social network analysis.
Block Density Table in
Netminer

Sociogram and  soci

network analysis.

Size Number of organisms belong to the core.. Identified through Keore
in NetMiner
Density of the core structuis the proportion cSOC'aI network analysis.
. possible lines that are actually present in o .

Density each group. It is the ratio of the number of | !denuﬁe_d through Kcore_
. . in NetMiner. We set K |

present to the maximum possible. 5 in this study.
Keystone Clique is a maxiral complete subgraph of thSocial network analysis.

structure or more nodes. It consists of a subset of n(

# Cliques [all of which are adjacent to each other, and {ldentified through cliqu
are no other nodes in the network that are|analysis in NetMine}.
adjacent to all of the members of the clique. |We set n=3 in this study.

; Social network analysis.
Max .C“que Clique size with max cohesion index. Identified through cliqu
Size analysis in NetMiner.

Keystone [Core organisms. We identified them dg®ociogram and  soci

organisms |recorded their shift over time. network analysis.
Proposed by Wasserman and Faust (1

Network |They classified organisms as isolate, transm . .
4 . . Social network analysis.
roles receiver, carrier, and ordinary, based on
Roles in-degree and out-degree behavior.
distribution Ecological |Ecological roles, such as produc{System logs analysis a|
roles decomposers, or consumers. content analysis.
Species |The apportionment of organisms among |Strucural equivalence a
equitability |species. Social network analysis.

Constraints
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Organisms Constraints on the immigration of organisms gglr)\//ls?é/vs and - conter
. . . Interviews and conter
Energy Constraints on the inflowing of energy. analysis
Nutrients Constraints on the inflowing of nutrients. Interwews and - conter
analysis
Direct
I network |Constraints on the organisms to play the ro|interviews and conter
Originators . - ¢ pay :
Indirect |originators. analysis
network
Direct
network |Constraints on the organisnto play the role jInterviews and conter
Respondents : 9 play ‘ :
Indirect |respondents. analysis
network

31



