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Abstract

Community computing has recertly grown to become a major research area in humancomputer
interacton. One of the objecivesof community computing is to support computer supported cooperafve
work among distributed collaborators working toward sharedprofessional goals in online communities of
pracice. A core issue in desgning and developing community computing infrastructuresN the underlying
socio-techical layer that supports communitarian actvitied\ is sustainakility. Many community
computing initiativesfail becauwse the underlying infrastructure doesnot meet end user requiremerts; the
community is unabe to maintain a critical mas of usersconsistertly over time; it generaesinsuffi cient
social cagtal to support significart contributions by memtersof the community; or, astypically happers
with funded initiatives financial and human cagtal reurce becane unavailabde to further maintain the
infragtructure. Based on more than nine years of desgn experience with Tapped InN an online
community of pracice for education professionalsN we presert a cas study that discusses four desgn
intervertions that have sustained the Tapped In infragructure and its community to date. Thes
intervertions represent broader dedgn strateges for developing online environmerts for professional
communitiesof practice.
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Sugaining a community computing infrastructur e for online teacher professional development: A
case study of desgning Tapped In

1. Introduction

Community computing refersto socio-techical intervertions and infragructuresthat support community
interactons ard civic acivitiesammg peagple sharing comman resources(Carroll 2001). For examge, the
Blacksburg Electonic Village (BEV) community computing infragtructure supports a web-based network
that hosts local, online community informaion and activity (Carrdl 2005). Community computing, in
gereral supports humancomputer interacton (HCI) and computer supported cooperaive work (CSCW)
amang community members, both local and distributed, working toward shared goals.

A coreissue in developing and maintaining community computing infragructuresis sustainahility. Many
community computing projects fail becawse the underlying infrasructure does not meet end user
requirements; the community is unalde to maintain a critical mas of users consistertly overtime;thereis
insuffi cient social cagtal to support significart contributions by community memters; or, asit typicaly
happers with funded community computing initiatives financial and human resurces became
constrained or even unavailal e to adequately maintain the infrastructure. When community actvitiesand
pracicesaresupplied hierarchically, such asby formal institutions, insteadof developing organically ard
being maintained by the community, they are often construed as belonging to others and are typicaly
underuilized (Rheingold 1993; Schuler 1996). As a reallt, the commuity fades away and its
infragructure fails.

In this paper, we preent a case study of succesfully and iteratvely dedgning and sustaining a
community computing infragructure. Our ca® study is an online ervironmert caled Tapped In”
(http://tappedn.org/) that supports activities of a large and diverse community of distributed educaton
professionals. Drawing on more than nine yearsof participatory deggn experience with Tapped In users
we present dedgn interventions that wereintroducedin the Tapped In community to sustain its computing
infragructure. Our participatory desgn interactons with the Tapped In community have erabed erd
users to articulate problems and propose high-value improvemerts to the infragructure. These
recanmerdations, in turn, have erabled Tapped In dedgnersto continually improve the infragructure
overtime.

Our contribution in this paper is a case study analysis of developing Tapped In. Specifically, we present
four dedgn intervertions that have helped sustain the Tapped In community computing infragtructure.
These intervertions represent broader desgn strateges for developing online ervironmerts to support
professional communities of practice. These desgn intervertions and strategeswould be of interes to
software desgnersand community computing developers

In the following secton, we presert our conceptual framework with regpectto prior literaure. We explain
our participatory desgn metodology and reeearchmethods in Secton 3. Secton 4 provides background
of Tapped In that sets a historical context for our case study. In Secton 5, we present four desgn
intervertions that have beensuccesful in sustaining the Tapped In infragructure and its community of
users Secton 6 discussesthreebroader strategesfor tecmology desgn to support online communitiesof
pracice.

2. Related work
Over the pad several years we have been developing and refining the Tapped In infragtructure, which is

intendedto support the online activitiesof alarge and diversee community of educaion professionals. The
community of practice framework (Lave and Wenger 1991; Brown and Duguid 1991; Wenger 1998; Orr
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1996; Cothrel and Williams 1999) has guided us over the yearsto develop online teacler support
acivitiesand the community computing infrastructure to support such actvities Communitiesof practice
aredescribed as emergen, self-reproducing, and evolving ertities that are distinct from, and frequertly
extend beyond, formal organizational structures with their own organizing structures norms of behavior,
communication chamels, ard histories Membersoften come from larger professional networks spaming
multiple orgarizaions, drawn to one another for both social and professional reasns.

The community of pracice framework suggesds that a teaching professionalOssommunity of pracice can
have a direct (positive or negative) impact on professional growth through various forms of informal
collegal interactons (Barab and Duffy 2000; Brown and Duguid 2000). The recognition that
communities of practice canplay animportart role in professional learring has spurred a greatdeal of
interes in how to harness the power of such communitiesin the context of systemic school reform ard
professional developmert projects. Resachers (Garet et al. 2001; Smylie et al. 2001; Loucks-Horsley et
al. 1998; Little 1990; Stein et al. 1998), pracitioners(Wilson and Berne 1999; RZryi, 1996), ard policy-
makers (PresdentOsCommittee of Advisors on Science ard Tecmology 1997; National Commission on
Mathemaiics and Science Teaching for the 21% Certury 2000) are converging on a shared vision of
effective teacler professional development as more than a series of training workshops, institutes
meetngs, and in-service days. It is a proces of leaming how to put knowledge into practice through
engagement within a community of pracitioners

A major part of the challenge in desgning and deweloping community computing infragructures is
sustaining the infragtructure and its critical mass of usersover time. The theme of sustainahility haslong
been addressed from different pergecives in the commuity informaics literaure. Merkel ard
calleagies (2005) provide an overview of what sustainakility mears in community computing settings.
Broady, sustainahility is certeredon how pegple in community computing settings canbed aclieve their
goals consistertly overtime. Accarding to Merkel and colleagies (2005), this guedion hasbeenaskedin
different ways, with resachers and pracitioners focusing on: (a) the feagbility of various models ard
the physical, social, and tecmical requiremerts that must be in placeto ersure tecmology acces to
citizers (Clement and Shade 2000; Berassi et al. 2004); (b) the role of the governmert in addressing
issues that affect the public good, such as providing acess to government informaion through web
portals and to the Interret itself, epecially for marginalized members of society who may lack the
resourcesor training necessary to acess such services (Doody 2004; Musgrave 2004; Malina ard Ball
2004; Rideout ard Reddick 2004; Schauder et al. 2004); (c) outcome-based approachesthat study factors
needed to encourage long-term changesin the livesof users(Gordon and Gordon 2004); and (d) socio-
techical invedigations of informaton techmology adoption and feaures of oneOssocial network (eg.,
social cagtal) that tend to support or inhibit tectmology adoption (Day and Cupidi 2004; Prell et al.
2004).

For Tapped In, our concernwith sustainaklity is related to developing desgn intervertions to keepup
with the changing needs of our community of users Our martra has beenthat desgn intervertions that
erhance erd user participation and interacton with the desgnersof the community infragtructure canlead
to sustainahility. When end users have a greaer stake in the community computing infragtructure, they
feel empoweredasthey have the ahility to guide dedgn, and they areactively engagedin discussions with
peersard desgners mativating subsequent community interacton and contribution.

Prevous literaure outside the domain of teacler professional development has looked at factors that
motivate participaion (Lampe and Johnston 2005; Lakhan and Hippel 2003; Ling et al. 2005) ard
erharnce socio-techmical captal (Resick 2000) in online communities Our interes liesin erhancing
participaton and social cagtal between end users and desgners of the community in order to foster
cadlectiveinitiativesto improve the underlying community computing infrastructure.
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The work most closely related to our invedigation is the pracitioner-orierted set of dedgn lessons by
Amy Jo Kim (2000). Kim proposes specific desgn principles that characterize succesful, sustainabe
online communities We reiterate five of KimOsledgn principlesthat we have used directy to desgn the
four intervertions for Tapped In that we presert in this paper:
¥ Build flexible, extensible gathering places. Online gathering placesprovide a fl exible medum for
erd users ard desgners to work together to evolve and continually define and articulate the
purpose of the community.
¥ Design for a range of roles. As the community grows, it will becane increasngly importart to
provide guidarnce to newcomers while offering leackrship and ownership opportunitiesto more
experiencedmembers
¥ Develop a strong leadership program. Develop aleadership program becaise community leaders
arethe fuel in the community: they greetvisitors, encourage newbies teachclasses and arswer
guedions.
¥ Facilitate member-run subgroups. TO grow a large-scale community, provide technologies to
help community memkers creae and run subgroups to drive memter loyalty.
¥  Create and maintain feedback loops. Succesful community building is a constart balancing act
between the efforts of maragemert (desgnersg to plan, organize,arnd run the spaceand the ideas
suggedions, and needs of community members

Our integrated conceptual framework draws inspiration from the various piecesof literaure mertioned
above, egecially KimOsdesgn principles Our framework has been developed over several yearsto
support professional callaboration and peersupport ammg teacters (ScHager and Schark 1997; Fusco et
al. 2000; ScHager et al. 1998, 2002; Tatar et al. 2002; Denry et al. 2000). The major conceptual
componerts of our framework that we directy leverage in this paper are:
¥ Multiple interaction formats and technologies. Our framework calls for a range of tools ard
workspacesthat (a) support work practicesof large numbersof differert groups; (b) erable users
to know with whom they areinteracting and what is going on araund them; (c) allow users to
creag, store, and share discourse objects (e.g., notes overheadslides; (d) communicat in real
time or agynchronously, asthe needarises and (e) engage in group actvitieshosted by desgners
aswell astheir own circle of colleagies
¥ Identity and trust. User profilesand induction acivitiesareaimedat building trust in the system
and developing a strong sense of community and group idertity.
¥ Ownership and empowerment. The framework facilitatesa sense of ownership and empowermert
in the community by encouragng memters to contribute to community activitiesand resources
assist other members and use the online ervironmert to support their own callaboration with
others
¥ Heterogeneity. A key indicabr of community health is the participation of a population with
divers interess and arange of expertise. The framework encouragesthe participation of teacters
at all levels ard from all disciplines aswell asdistrict staff, resacchers univerdty facuty ard
studerts, staff developers and administrators.
¥ Community management, leadership, and sustainability. No profesional community can be
sustained without maragement and committed community leacership. Recagnizing and
rewardng informal leacership ard certralizing community maragemert can help coordinate
acivitiesacress project, increase efficiency, and creat ecanomiesof scale.

One facet of our reearch deak with underganding the kinds of online activitiesand contert that teacher
professional developmert organizations can develop to aclieve their goals and support teacters more
effectively (ScHager et al. 1999). A secand facet of our resarch which is the focus of this paper,
addressesthe issue of sustainahility with regect to the long-term and evolving dedgn intervertions that
allow the online teacter professional developmert community to engage in participatory desgn with the
desgnersof the infragructure.
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3. Methodological approach and resarch methods

Our methodological approachmost closely resembles participatory desgn. Paricipatory desgn (PD) isa
pracice amang dedgn professionals that explores conditions for user participation in the dedgn of
techology (for detailed discussions, see Clemert and van den Besselaar 1993; Greerbaum and Kyng
1991; Kersing and Blomberg 1998; Schuler and Namioka 1993). Paricipatory dedgn, asit is referredto
in HCI and CSCW, hasits roots in socio-tecmical systemstheay (Mumford 1983). Historically, Emery
and Trist (Emery and Trist 1960; Emery 1993) werepioneering thinkersin underdanding the importance
of including the memkership of acommunity in the desgn proces.

Our approach to participatory dedgn brings end users ard desgners together in mutual commitment,
where users learn about what computer technology can do for them and dedgners learn about the
applicaion domain in order to build aflexible ard efficiernt systemto fit the userdneeds (Bjerknes1993).
Most of our participatory deggn interactons occur online in anasynchronous mamer.

Our participatory dedgn approachalso hasa flavor of acion research We assume that the end userswho
arescrutinizedin our resarchand are potertially affected by our resaich canbe, or can be qualified to
becane, co-reseachers. Overall, our methodological approach canbe described asa dedgn experimert,
in which our invegigation includes resarchto desgn professional actvities and techical capahlities
thatwe conjecture will help egallish and sustain online teacter professional development communities

Since the Tapped In project started in 1996, it has spawned mary different smaler projecs (e.g., theses
ard dissertations). It is diffi cult to briefly describe how data were collecied, analyzed and evaluated over
such a long period of invedigation. For the purposes of this paper, we refer to snapshots of our efforts
with data cdlecfon, amalysis, and evaluation that have occured during multiple instancesin the nine
years of our resarch with Tapped In. Thes snapshots egdalish that we followed a rigorous and
systematc resarch invedigation.

3.1. Data collection

Field rezearchbeganin 1997 when Tapped In wert online. We have used a multitude of quartitatve and
qualitative instrumerts in collecing data. Becawse our methodological approach was guided by
participatory desgn mostly through online interactons, the primary metods of data callecton were
online observations recaded through field notes surveys, acivity logs, and interviews. Secadary
sourcesof data included documertation (eg., newsletterg, archival recads (eg., e-mails), and physical
artifacts (e g., desgn mockups and scerarios).

As reported in ScHager et al. (1999), we have cdlected data for online memter activities (e g., objects
they acces, rooms they visit, when they log in and out). All Tapped In members are informed of such
reseaich data callecion efforts whenthey apply for membersip. Strict confidertiality is maintained, and
the contert of conversatons is never recaded without additional explicit permission from the
participants. The only excegion is our After Sctool Online (ASO) sessions, which are recaded ard
posted in Tapped InOstranscript archive for Tapped In members and gueds to acces in the future.
Participarts are informed that by participating in an ASO session, they ageeto the publicaion of their
transcript.

Our membership and list of partners have grown steadily over time. As of January 1999, we had more
than 2,500 memters and an average of more than 60 logins a day. In July 2006, we had about 20,000
membersand approximatly 1,200 to 1,500 memker logins a day. As memlership hasgrown, the monthly
login rate hasremaned stead/ at approximately 10-20% of the membership. For example, in July 1998,
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378 differert members (out of 1,700+) logged in. In July 2006, 2,100 differert members (out of about
20,000) logged in. Members log in every day of the week and almost around the clock. Logins are
relatively equally distributed from Monday through Friday and shrink by about two-thirds on weelerds.
Currertly, about 40% of our members describe themselves as K-12 teaclers and 25% are composed of
reseaichers univerdty facuty and graduate studerts, staff developers, school support and administration
staff, and pre-service teachers The remaining 35% describe themselvesas OcdherO.

Over the years we have also held summer institutes workshops, training sessions, ard online seminarsto
expand our data collection efforts. One of our largeg efforts startedin summer 1997, when we were part
of two 2-week summerinstitutesin July and August. We followed seventeams of two to four high school
ard/or community callege teackerswho attended eachinstitute to gain hands-on experience with software
ard techiquesusedin earh and spacescience. Periodic follow-up online meetngs with the 14 teamsalso
occured over the course of the school year. At leas one represertative from each of the 14 teamswas
akedto log in and report on their progress, obstacles and lessons that they warted to share with other
teams Transcripts of all the meetngs were collecied via Tapped InOsautomated transcript logging
mecharism. We analyzed these meetngs and learred a great deal in this resarchabout how peagple
learred to communicate, share informaton, and collaborate online. In the course of three meetings, we
observed peaple being able to work and accamplish things online (ScHager et al. 2002).

We hawve also administeredsurveys with Tapped In users. For example, one such survey wasdevelopedto
help us learn who our members are and how their experiences in Tapped In have affected their
professional lives We collecied data on standard demagraphics and professional developmert acivities
tecology use,and Tapped In use, affordances and barriers(Fusco etal. 2000).

3.2. Data analysis

The data cdllected were aralyzed by using the gereral aralytic strategy of developing case descriptions
(Yin 2003). A de<riptive approach was followed to help idertify the complex stages of desgning ard
sustaining a community computing infrasructure for Tapped In. Our pergecive on participatory desgn
guided our aralysis of the data, reflecing importart socio-techical elements of dedggning the Tapped In
infragructure. However, the data were also usedto inform the participatory desgn approach itself, in that
the desgn emergdasaniteratve proces taking placethroughout the data collecion ard aralysis phases
For example, the desgnersand resachersof Tapped In addressed mary featuresarnd bugs in the order
erd usersprioritizedthem

We have used discourse aralysis on meetng transcripts to interpret our data (ScHager et al. 2002). As an
exampe, one of our transcript analysesshows that even with a group that usestecmology minimally over
a period of several months, the structure of their meeings shifts from a focus on technology and group
norms to a predominantly task-orierted focus, similar to dialogue capured in face-to-face meetngs
(Olson etal. 1992).

We hawve also coded our data to address specific reseach quegions (ScHager et al. 2002). For exame,
with the data we collected from the summer institutes a coding scheme was developed to quartify the
structure and flow of the online meeings, basd in part on studies of faceto-face dialogue in
callaborative desgn group meetngs (Olson et al. 1992). We coded eachutterarce and nonverbal acion as
aninstance of one of several categoriesof discourse. As anexample, the four most common categoriesof
discourse that emerged were business focused meeing maragemert, techmology related, and social.

3.3. Data evaluation
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To achieve rigor in our data amalysis and interpretation, we triangulated the multiple sources of data
cdlection. To ersure reliakility and plausibility of our reailts, the Tapped In resarchgroup atterded
biweeky meetngs to discuss their field observatons. The research group included developers ard
desgnerswith consideralde experience in online communication techology. All memters of the group
reflecied on the collecied data to generake cdllaborative interpretations. Discussions related to desgn ard
improvemerts of the Tapped In infragructure were the primary focus of these meeings. This process of
collecively reflecing on data interpretations helped to remove individual researchersOsubjecive biases
thus increasng the reliakility of data analysis. During our coding efforts, the transcripts werereadby two
reseaichers who coded independerntly and then came together to calibrate their findings. Differences
betweenthe two codersOratings wereresolved by athird reviewer.

Because mary of our reseach group members were geographically dispersed we often used Tapped In
ourselvesasa communicaion and collaboration mechanism for our researchmeetings. We armalyzed our
meetng trarscripts as well. Thes analyses revealed mary episodes of knowledge building, mertoring,
argumertation, and resolution, all key charactristics of productive group work. A resach issue we
encounteredin our multidisciplinary ressarchgroup was learning eachotherOgargon and interpersonal
styles(ScHager et al. 2002). We also had to develop our own normsfor interacing asa dispersed group.
We were all usedto the social constructs of faceto-face meetingsN rapid-fire dialogue, long monologues
whisperedside commerts, topic shiftsN and the skills neeced to breakinto the dialogue at just the right
momert or guide a meeting through the itemson an agenda. Online collaboration requiresadustmerts to
these constructs and skills.

The data we present in the forthcoming sections hasbeenanonymized For screenshots, we have blocked
out the lag namesof the participarts. In some cases staff members have given pemission to leawe their
namesunaltered

4. Background of TappedIn

From 1996 to 2002, we developed and hosted the Tapped In Tedbed, a MOO-basd platform (Curtis
1992) in which we cultivated a diverse educaion community of more than 20,000 memkerswith the aim
of underganding the nature and affordances of online communities of pracice in the service of teacher
professional developmert. Two critical pillarsof the infragructure werethe egaldishmert of alive Help
De< ard a discussion seriescalled After Sctool Online (ASO). We felt that greeing new memberswas
animportart first stepin welcoming theminto the Tapped In community. We edablished the Help Desk
in the receion room for this purpose. Although the Help Desk wasoriginally staffed by membersof the
reseaich group, community memktersacknowledged its importance by adopting it to such a degee that it
was evertually staffed primarily by volunteers ASO was originally conceived of as a verue for our
partner organizations and community leacersto reachout to teacters but it grew over timeinto a way for
membersto meet otherswith similar interegs, to gain comfort with the tecinology, and to develop online
discourse and leadership skillsin alow-pressure, motivating context.

To further support the key acivities of an online community of practice and move forward with our
reearch, we decided to abandon the MOO platform for a more modern, flexible, and extersible
architecure. The MOO used an unsupported language, wassingle-threaced and hernce scaled poorly, ard
was a text-based system at odds with the increasng use of multimeda to support online learring ard
callaboration.

Starting in mid-2001, we began working with our partners and community to incorporate new features
ard camhilities including groups, discussion boards, and seach, among others We used a scerario-
basd participatory desgn approach (Rosson and Carrdl 2001), bringing together a desgn team
represerting researchers teacker educatrs, tecmology developers regonal educaion support providers
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national teacter professional developmert organizaions, and our core constituercy, the Tapped In
members After a rigorous needs asesmert proces and multiple desgn iteraions, mockups, and user
teds, the reaulting feature set and interfacedesgn were reifiedin a web-basd demonstration and a set of
functional specifi cation documerts, including featre prioritizaton.

The development tean chose opensource, scalabde, Java-basd solutions in which to implemen a
redesgned system that would be robugt, versatile, and scdabe. By building on opensource foundations,
we benrefited from and contributed back to existing developmert communities We releagd a basc
system for alpha teging aheadof schedule in Sepgember 2002. As a reault of a secand formal round of
user teging, we mace a major conceptual desgn change to the OpaceOmetaphor employed in the user
interface(Schark et al. 2002). We continue to develop featuresin the system based on suggedions by
community members Screershots of the current systemare shown in Figure 1.



