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Abstract
Engineers and industrial scientists working in engineering positions need to collaborate and communicate with others in their specialty to be successful.  Several professional associations and engineering software or consulting internet portals have developed communities of practice to address this issue globally and larger organizations have implemented formal communities of practice internally to support the engineers’ work.  There is a general consensus on the need for CoPs in engineering settings; yet, many of these communities have failed to thrive.  I will provide a list of what works to foster collaboration and what does not based on a review of the literature on how engineers communicate and collaborate and a review of selected open online engineering communities. 

1. Introduction
Engineers and industrial scientists working in engineering positions need to collaborate and communicate with others in their specialty to be successful.  Several professional associations and engineering software or consulting internet portals have developed communities of practice (CoP) to address this issue globally and larger organizations have implemented formal communities of practice internally to support the engineers’ work.  There is a general consensus on the need for CoPs in engineering settings; yet, many of these communities have failed to thrive.  I reviewed relevant literature on the information seeking and the collaboration practices and preferences of engineers in industrial positions.  I extracted from those articles key factors that could impact the success of online CoPs designed for this community.  I then reviewed several online CoPs sponsored by individuals, companies, professional societies, and the government and looked for factors identified in the literature review.  From these reviews, I have created a list of what works to foster collaboration and what does not.
2. Collaboration

2.1 The Nature of Industrial Engineers’ Collaboration
Contrary to popular images of the lone engineer or industrial scientist working alone in his lab, engineers are heavily reliant on communication.  Hertzum reports that “several studies provide evidence that engineers spend 40%-66% of their time communicating in order to get input to their work and to output results from their work (King, Casto, & Jones, 1994).  These studies also indicate that the individuals who spend more time communicating perform better, just as projects where the staff communicates more reach better outcomes” (Hertzum et al. 2002, 575).  Engineers prefer to seek information from colleagues, questioning first strong ties, then weak-ties.  They then search for people to provide location information for reference materials or library sources (Hertzum and Pejtersen 2000, 762).
Engineers in corporations and non-academic research laboratories divide their day among projects.  Project managers select members of interdisciplinary project teams by their experience, academic background, and training.  Often, the project engineer is the only representative of her field on the team.  Team members must develop a common framework to successfully complete the project and publish the work (Klein 2005, 31).  The interdisciplinary team may form a community of practice, but the team engineer also acts as a broker connecting the interdisciplinary project team to her disciplinary community of practice.  According to Wenger, brokers span the boundary between communities of practice and can “cause learning by introducing into a practice elements of another” (Wenger 1998, 109) These relationships are summarized in Figure 1:  Multimembership of an Industrial Engineer.  Managers promote this multimembership to enhance employee expertise and increase the effectiveness of the team.  Strong connections to external disciplinary communities can promote prestige and selection for choice assignments.  It is primarily the collaboration within a disciplinary community of practice addressed here.  

2.2 Barriers to Collaboration

Engineers face multiple barriers to collaboration, but most of these barriers are social, not technological.  Engineers in industry for the most part have powerful workstations to be able to run resource intensive modeling and simulation software, drawing programs, and mathematical calculation programs.  Furthermore, these computers are in most cases connected to the internet via broadband.  An exception to this is computers in closed spaces that meet the requirements for processing classified information; nevertheless, it can be said that the barriers to collaboration are not technological.
Social barriers to collaboration include actual or perceived restrictions on disclosure or transfer of intellectual property, and legal or contractual barriers to information sharing required by the project sponsor.  Intellectual property concerns are concerns that new inventions or solutions to problems are obtained from information posted and benefit others.  Lurkers in online communities unfairly benefit from information posted by becoming first to apply for a patent or to publish and gain prestige, possibly promotion at work
.  Related to intellectual property concerns are legal or contractual requirements for secrecy.  Many academic institutions, for-profit companies, and research laboratories are involved in government contracting or defense subcontracting.  Engineers may be prevented from seeking or posting advice by the concern that information will be available to agents of a foreign power
.  Posting information on the web is covered by export control laws.  
3. A Review of Engineering Communities of Practice

3.1Engineering Community of Practice Defined

A community is a group of people, getting together for a shared purpose, with policies governing their interaction and online communities use computer systems “to support and mediate social interaction” (Preece 2000, 10).  They become communities of practice when the participants are involved in collective learning, mutual engagement, have shared characteristics or activities that create boundaries around the group, and have a shared repertoire (Wenger 1998, 109).  Interaction may be computer mediated as in online communities, may occur in person, or may be a mixture of both.  Professional society sponsored communities of practice frequently have formal transactions, electronic mailing lists, discussion boards, and physical meetings.


3.2 Methodology and Discussion of a Review of Engineering Communities of Practice

I identified online CoPs by searching in a general web search engine for the terms engineering community(ies) of practice, engineering communities, and engineering discussion board
.  I visited the top returned results, joined if permitted and required to preview, and selected ten to evaluate.  The ten communities are listed in the appendix.  In successful communities, there were many recent posts, posts were relevant to the stated purpose of the site (ie, not spam), and posted questions were generally answered.  Other communities seemed to be ghost towns with little or no activity for months if not years.  In one case, the only recent posts were advertisements banned in the policies pages.
4. What Works:  Sociability

The sociability of the engineering community deals with the purpose, the people, and the policies (Preece 2000, 80).One of the most important aspects of an engineering community of practice is trust (Hertzum et al. 2002, 575-599).  Participants have to trust that problems or proposed solutions will not be misappropriated and used elsewhere without permission; furthermore, they need information on the source of the information to assess the quality and authority.  A successful engineering CoP must have strong policies on membership, what information must appear in the member profile, and policies limiting access to the information only to members.  All posts to an electronic forum must be signed and must remain the property of the poster.  The signature of the post, linked to a profile of the community member, also helps readers assess the quality and authority of the information provided.  The use of real names is encouraged in several of the successful communities reviewed.  Transparency about the sponsor of the forum and the storage of the information are also important aspects of the policy.  


Many posts to open engineering CoPs like those sponsored by ASME and IEE are actually undergraduate students attempting to get free homework help or engineers looking for jobs.  This makes it less likely that a peripheral participant or visitor will return and become an active contributor as they see no gain from the interaction.  One way to design around this is to make a special topic area for job postings and another area for students.  A moderator would have to move or delete materials posted in the wrong areas.  A second way is to limit membership to employees, society members, or other approved groups.  Potential users should still be able to preview the community before extensive login procedures are required.

Another factor for the design of a successful CoP is the specificity of the purpose.  CoPs with very broad scopes (e.g. electrical engineering) generally do not attract enough participation to generate a critical mass
.  Examples of specific CoP purposes are: users of MatLab or engineers doing computational fluid dynamics.  Narrowing the scope could also prevent interpersonal confrontations Preece mentions as a characteristic of broadly based communities (Preece 2000, 81).
5. What works:  Usability
Engineers involved in design tasks frequently use sketches, drawings, or images to convey ideas to team members, analyze design features, to remember discussion points, and to create to-do lists.  Drawings and shared documents also form a prop for conversation; that is, an artifact upon which to build common ground (Harvey and Koubek 2000, 376).  From a usability standpoint, a successful CoP will have a way to share, capture, and save visual information for use and reuse.  In face-to-face communication, a whiteboard with the ability to capture drawings electronically or a piece of paper is sufficient; however, much of the communication in CoPs is conducted online whether in an environment with pervasive local virtuality
 or in a distributed environment.  Xie and Salvendy suggest development of computer-aided design (CAD) browsers to support asynchronous engineering collaboration (Xie and Salvendy 2003).  While this type of CAD browser would work well, the level of detail and precision might not be necessary for collaborators not working on the exact same project; so, a more simple electronic whiteboard would suffice.
In addition to visual information such as drawings, engineers exchange complex mathematical information not easily represented in traditional internet software.  The system should support cutting and pasting from common mathematical or modeling and simulation tools such as MatLab, Mathematica, Maple, and LabView.  Additionally, the software should support mathematical markup languages such as MathML and LaTex. 

Another usability factor to consider is the immediacy of the feedback and ability of the system to alert users when new information is available.  Engineers weigh the currency and immediacy of the information resource in its selection.  A successful engineering CoP would allow members to set up alerts on topics or on posts to have immediate notification by IM, SMS, RSS or e-mail of any response.  Alerts allow lurkers to monitor activity and active participants to revive dormant communities as interest waxes and wanes.
6. Summary


I reviewed ten online communities and the research literature on the information seeking and collaboration practices of engineers and compiled information on what works and what does not.  My top list of what works are summarized in Figure 2:  Top Tips.  More research is required to examine how closed engineering CoPs such as those available only on classified networks or on intranets differ from those available online and how organizations can support time spent contributing to CoPs.
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9. Figures
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Figure 1:  Multimembership of an Industrial Engineer
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Figure 2:  Top Tips
10. Appendix:  List of Communities Reviewed
	American Society of Mechanical Engineers
	https://cop.asme.org/COP

	The Institution of Electrical Engineers (UK)
	http://www.iee.org/OnComms/

	The Institute of Electrical and Electronics Engineers
	http://www.ieeecommunities.org

	American Society of Heating, Refrigerating, and Air-Conditioning Engineers
	http://www.ashrae.org/template/DboardForumList

	American Society of Civil Engineers
	http://www.asce.org/forum

	CFD Online
	http://www.cfd-online.com/Forum

	Surface Engineering Message Board
	http://www.gordonengland.co.uk/cgi-bin/board/index.html

	Engineer’s Edge
	http://www.engineersedge.com/wwwboard/wwwboard.html

	MatLab Central
	http://www.mathworks.com/matlabcentral/

	Defense Acquisition University,
Acquisition Community Connection
	http://acc.dau.mil
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Top Tips:  What Works


Policies


Users must register to post


Contributors are identified by real name and linked profile


Student and job seeking information is limited


All posts remain the property of the contributor


Moderators are active in enforcing policies


Organizations concerned about intellectual property or secrecy should advocated internal, protected CoPs


CoPs must have very specific purposes


The software must support various types of media and channels of communication


The software must provide alerts when new information is added











7. Notes


 � A case of scientific fraud very similar to this is in the press at this writing.  See Dennis Overbye, “One Find, Two Astronomers: An Ethical Brawl,” New York Times, September 13, 2005, sec. F, p.1.


� In fact, this concern is justified by the alerts on a Department of Defense sponsored community that a member had posted either “for official use only” or “sensitive but unclassified” information on a board.  A subsequent post indicated that a parallel site was established on the classified network (SIPRNET), but the alert seems to have halted all discussions on the board where posted.  See the alert at https://acc.dau.mil/simplify/ev.php?ID=33248_206&ID2=DO_DISCUSSIONPOST_LIST (accessed 10/18/2005).


� A more thorough search would have included other possible communication channels like chat and all specialties of engineering, application industries, and software packages.


� Critical mass is “the number of people needed to make a communications system or a community useful” (Preece 2000, 91)


� Local virtuality is defined by Quan-Haase and Wellman as “The pervasive use of computer mediated communication for interaction with physical proximate people, even when located near-by”(Quan-Haase and Wellman 2005, 215).
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