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ABSTRACT

Increasingly, teams are working together when they are not in the same location, even though there
are many challenges to doing so successfully. Here we review the latest insights into these matters,
guided by a framework that we have developed during two decades of research on this topic.

'This framework organizes a series of factors that we have found to differentiate between
successful and unsuccessful distributed collaborations. We then review the kinds of technology op-
tions that are available today, focusing more on types of technologies rather than specific instances.
We describe a database of geographically distributed projects we have studied and introduce the
Collaboration Success Wizard, an online tool for assessing past, present, or planned distributed
collaborations. We close with a set of recommendations for individuals, managers, and those higher

in the organizations who wish to support distance work.

KEYWORDS

distance work, virtual teams, teamwork, distributed teams, managing virtual teams, communica-
tion, coordination, technology support, infrastructure, cyberinfrastructure, team science, trust
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CHAPTER 1

'The Changing Landscape

The rise of a widespread, reliable, and high-speed Internet has enabled groups to work together
successfully when they are not in the same geographic location. Allen (1977) reported that the like-
lihood of interacting with another person falls oft rapidly with distance and essentially asymptotes
at 30 m. This means that people in the same building but in different wings or different floors or
in different buildings on the same campus need to rely on these emerging distance technologies
just as much as those in different cities, states, or countries. And the increase in this kind of work
is incredible, no matter which domain of activity we look at.

'The figures on the extent of virtual teams in contemporary corporations are staggering. The
Institute for Corporate Productivity' stated in 2008 that 67% of the companies that were surveyed
felt that “their reliance on virtual teams” would grow in the next few years.” For companies that
had more than 10,000 employees, this figure was more than 80%. Companies are distributed in
order to reach new markets, gain access to specialized resources and expertise, and/or change the
costs of doing their work. As Thomas Malone (2004) notes, these new technologies not only enable
distributed work but they change the very nature of how enterprises are organized and carry out
their mission.

'The worlds of research and scholarship have changed equally dramatically. In the 1990s in
the U.S., within the National Science Foundation, a new form of collaboration in science received
great attention, dubbed the Collaboratory (Wulf, 1993), a laboratory without walls. A parallel
form in the United Kingdom is called variously eScience or eResearch (Jankowski, 2009). Col-
laboratories and eScience arose because many problems in science and engineering are large and
complex. No one university houses sufficient numbers of experts in a field, requiring collaboration
across distance. For instance, in the physical sciences, instrumentation is increasingly expensive and
therefore must be shared. The Large Hadron Collider in high energy physics is a contemporary and
classic example (Hofer et al., 2008), and follows a pattern in this field since the Manhattan Project
during the 1940s. Fields as diverse as upper atmospheric physics (Olson et al., 2008), earthquake
engineering (Spencer et al., 2008), and environmental molecular science (Myers, 2008), all require
sharing of highly specialized, expensive equipment. In many sciences the creation of large databases
is a key next step in advancing. Examples include GenBank (Pevsner, 2009), the Protein Data Bank
(Bernstein et al., 1977; Berman et al., 2003), National Virtual Observatory (NVO) (Ackerman et

! http://www.pr.com/press-release/103409.

? Throughout this book we are agnostic about the actual physical location of the distributed participants. The
growing trend to work from home is one example of how participants might be distributed. While there may
be special issues for this particular location, we will not focus on that here.
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al., 2008), the Biomedical Informatics Research Network (BIRN) (Olson et al., 2008), and the
Long-Term Ecological Research (LTER) program (Michener and Waide, 2008). By coordinating
their work through distance technologies or working with remote instruments, aggregated data or
computing resources, academics can attack bigger questions with the promise of breakthroughs in
our understanding and in solving problems. The extent of this revolution is documented in Chapter
10, where we note that our Science of Collaboratories Database has grown to more than 700 in-
stances of such projects, even though this used a less-than-efficient opportunistic sampling strategy.
Science and engineering are forever changed.

This trend to large-scale distance work is extending to domains in the social sciences and
humanities, in fields that have been historically slower to pick up the strategies of collaborating on
research and publishing multi-authored papers and books. People collaborate across universities
to visualize social processes, do computer modeling, simulate social and political networking, and
examine consequences of natural events, such as how rising water from global warming will affect
low-lying London (Borning et al., 2005). In the humanities there are virtual haptic museums, and
vast collections of material such as all the written material in Greek from ancient times to the
fall of Constantinople, allowing researchers to find, sort, and comment on findings electronically
(Inman et al., 2004) .

Many non-profits, like the Red Cross or Red Crescent, or the Girl or Boy Scouts, have been
distributed for a long time, but now that there are better communication and coordination tools,
they can be more effective. Distance communication has helped with the sharing of best practices,
has facilitated fund raising, and, more recently, and has led to more rapid responses to disasters.
For example, researchers have found that people iz a natural disaster can help each other and their
rescuers through reporting what is happening in their location through microblogging, such as
Twitter (Palen and Liu, 2007; Palen et al., 2011). However, there are similar challenges in distrib-
uted non-profits as there are in academia and corporations. There are issues of focus, culture, buy-in,
and trust (Lewis et al., 2010).

'The evidence of increased collaboration is striking. For instance, Wuchty, et al. (2007) looked
at publications and patents, and found in a broad range of areas larger teams were either publish-
ing papers or acquiring patents. Such indices are found for publishing data in many fields (Porter
and Rafols, 2009). Page (2007) points out similar pattern even for Nobel Prizes. The number of
awardees per Nobel Prize has risen from 1.2 per prize in 1901 to 2.75 in 2004 in both Chemistry
and Physics.

In addition to the challenges of being distributed, more and more teams today are multi-dis-
ciplinary. Multi-disciplinary teams are deemed necessary in order to attack complex problems.
Chamberlin (1890) long ago argued for bringing multiple perspectives to bear on scientific prob-
lems. More recently, Page (2007) described, in great detail, the potential advantages of having

diverse conceptual perspectives and problem-solving strategies in coming up with insights and
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solutions to difficult problems. Stokols et al. (2010) describe the many incentives for carrying

out research in the biomedical sciences using teams that span disciplines. Research projects that
focus on a real world problem, like disease, energy, the economy or the environment, tend to bring
together individuals from many disciplines. For example, in studying the structure of the brain (a
mouse brain, a good model of the human brain for some purposes), the Morphometry Biomedical
Informatics Research Network (mBIRN) brought together researchers spanning from the molec-
ular structure in the brain all the way up to its morphometry. Furthermore, these individuals are
almost never collocated. The Atlas Project of the Large Hadron Collider at CERN in Geneva,
Switzerland, involves 3000 physicists from 38 different countries, 174 universities and laboratories,
and 1000 students (see Figure 1.1). A project of this scale would not be possible without contem-

porary computing and communication technologies.
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Figure 1.1. A meeting of the ATLAS collaboration.

While the growth of such distributed projects testifies to the success that has characterized
many projects, we know that both distance and the fact that the teams are multi-disciplinary create
formidable challenges. Despite the availability of increasingly sophisticated cyberinfrastructure to
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support all of this activity, working at a distance is still difficult. Individuals from different disci-
plines working together suffer from lack of common vocabulary and working styles. Olson and
Olson (2000) reviewed data from studies of both scientific projects and corporate teams, and doc-
umented many of the problems. The Science of Collaboratories (SOC) Project, on which much of
this volume is based, began formally just as that article was published. A lot has happened in the
past decade and a half. This book is our compilation of what is known today about the challenges
of working remotely and with people from multiple disciplines. It additionally offers actions that
can be taken to mitigate those challenges. We recently published a book on the SOC Project , Sci-
entific Collaboration on the Internet, that extended our earlier work and included illustrations with
many case studies (Olson et al., 2008). Cummings and Kiesler (2005; 2007; 2008) carried out a
series of quantitative studies of large collaborative projects at NSF and reported many insights into
the key issues involved. A particularly fruitful line of work has developed under the heading of the
Science of Team Science (SciTS). An annual conference series was launched in 2010 (a brief report
appeared in Falk-Krzesinski et al., 2011). A special issue of the American Journal of Preventative
Medicine on SciTS appeared in 2008 (Stokols et al., 2008, introduced the special issue). A group at
the National Institutes of Health (NIH) has produced a report entitled “Collaboration and Team
Science: A Field Guide” (Bennett et al., 2010), and a website rich with resources is at teamscience.
nih.gov. Falk-Krzesinski, Borner et al. (2011) conducted a concept-mapping study to attempt to
give some structure to this emerging field.

Similarly, one indicator of the concern for managing virtual and multi-disciplinary teams in
the corporate world is the huge number of books published on how to create and manage effec-
tive teams (some recent examples are: Hackman, 2002, 2011; Sawyer, 2007; Hansen, 2009; Rosen,
2009). Business schools, engineering colleges, and information schools have added a variety of team
projects to their curricula to prepare students for a world in which teamwork is common, valued,
and challenging.

Our goal in this book is to bring together many of these threads, building on our initial work
in the SOC project but augmenting it with insights emerging from this wider range of investiga-
tions. In the Chapter 2 we will first explore the different types of distance collaborations, each form
of which encounters some special challenges. We present examples of each type in the for-profit
and non-profit worlds as well as in the science and the humanities. Next, in Chapter 3 we cover
what it means to be successful in collaborations, for there can be success in different facets as well
as at different levels. We follow in Chapter 4 with a brief overview of the factors that we have found
to lead to success, and then, in Chapter 5-9, a chapter for each major category with details and
examples of each. We close with two chapters of practical import. Chapter 10 describes an on-line
resource for researchers in this area, the Science of Collaboratories database; Chapter 11 introduces

an online assessment tool, the Collaboration Success Wizard, that embodies the theory presented
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in this book. We end in Chapter 12 with a summary of the findings and a list of recommendations

for individuals, managers, and organizations involved in distance work

Note: Although the challenges and remedies reported in this book apply to the corporate
world and non-profits as well as academic collaborations, most of our experience has been
with scientific collaborations, the “Collaboratories” described above, and thus a majority of

our examples are from them.







CHAPTER 2

Types of Distributed Collaborations

Not all distance collaborations are the same. Those that are similar might face similar issues, and
by classifying them we might be better able to find best practices of the similar issues they face.

Beginning in 2001, we collected examples of science collaboratories using a variety of leads
to find examples of such collaboratories, called a purposeful sample (Patten, 1990). This included
notes from talks, mentions in news reports, links in various websites, personal contacts, and the
technical literature in numerous fields. We collected basic facts about each and entered them into
a standard form in a database, which we will describe in more detail in Chapter 10. The taxonomy
first described in Bos et al. (2008) was developed by a process of finding similarities and differences
in the projects’ structure and purpose. For many, we noted a primary type and a secondary or even
tertiary type. Many collaborations change character over time, a point we’ll return to at the end of
this chapter. Over the last ten years, we continued to find new (to us) collaborations, first in other
academic areas, primarily humanities and the social sciences, and then in the corporate and non-
profit worlds. In this chapter we present an updated taxonomy that reflects these new findings.

In what follows, for each type, we give a definition, some examples from a variety of settings,

the key kinds of technology and social issues in this type, and key organizational issues.

Table 2.1: Eight types of distributed collaboration
Name Definition
Distributed Project or Enterprise Aggregated talent, effort, and resources with a

common purpose

Shared Instrument or Resource Remote access to an expensive or rare
instrument, or a resource such as high-end

computation

Community Data Bases A database that is created, maintained, or
improved by a geographically distributed

community

Open Community Contribution System An open project that aggregates the efforts
of many geographically separate individuals
through microcontributions

Virtual Community of Practice A network of individuals who share an area of

interest and communicate about it online
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Virtual Learning Community A network of individuals who have banded
together to jointly learn a rare skill or topic

Community Infrastructure Project A distributed community that builds the
infrastructure and tools to collaborate

Remote Expertise Access to problem solving from a remote
person

2.1 DISTRIBUTED PROJECT OR ENTERPRISE

This is the quintessential distributed work, where people in different locations share a common
goal and aggregate their talent, effort and/or resources. This form of working is becoming more and
more common across all domains. In our Science of Collaboratories database (see Chapter 10), we
have now identified over 700 such projects. In Zhe Future of Work (Malone, 2004) and many other
recent writings geared toward the world of management, such virtual enterprises are described as
the direction the world is going (e.g., Thompson, 2008). Communication is at the heart of effective
organizations, and as the cost of communication declines through modern information technology,
the possibilities for successful distributed organizations increase. Voida et al. (2011) found similar
trends in the world of non-profits.

In the world of science, the Alliance for Cellular Signaling (www.afcs.org) exemplifies this
kind of distributed work. Scientists from eight U.S. universities worked to create a complete model
cell, trying to account for the cell signaling behavior (Abbott, 2002). Results of this and related
projects can been found at The Signaling Gateway at UCSD, where the key collaborative artifacts,
namely Molecule Pages, are maintained in a large data base (www.signaling-gateway.org). We will
return to aspects of this database later in this chapter. In the humanities, de la Flor et al. (2010)
describe a virtual research environment (VRE) that supported the geographically dispersed collab-
orative analysis of ancient texts. In social science, for example, MoSeS (www.ncess.ac.uk/research/
geographic/moses/) applied modeling and simulation to policy-making in reference to health,
business and transport. Dutton and Meyer (2010) review a number of other similar collaborations
in the social sciences. In the non-profit world, this type is exemplified by Red Cross disaster relief
and Susan G. Komen Foundation’s coordination of various fundraising efforts.

Since this type of collaboration is attempting to mimic face-to-face collaboration, technol-
ogies that allow awareness of other participants and easy, expressive communication are central.
An early humanities collaboration, called Imaging Florida, used Netmeeting’s video, instant
messaging and email in rich combination (Freeman, 2004). If, in addition, there are data being
collected and shared, or an instrument is being shared, the kinds of technical issues in Sections

2.2 and 2.3 are relevant.
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Similarly, organizational issues abound in this type of collaboration. Participants need to stay
motivated, which is difficult when you do not bump into your colleagues or note their working.
Collaborators must work to standardize their contributions; they need to create procedures for
decision making and administrative support. In academics and the corporate world, there are is-
sues of intellectual property that get messy when you cross institutional lines. And there are career

development issues when one’s evaluator/manager is not collocated with the person and is “out of

sight, out of mind” (Hemphill and Begel, 2008; Koehne et al., 2012).

2.2 SHARED INSTRUMENT OR RESOURCE

In science, shared instrument collaborations involve unusually expensive instruments that are
beyond the reach of any individual project. These are then set up to allow many researchers to
access them remotely. For example, the Environmental Molecular Sciences Laboratory (EMSL)
makes its nuclear magnetic resonance (NMR) instruments available to scientists and engineers
who publish their research openly (Myers 2008). Special terms and conditions apply if the research
is proprietary. The Upper Atmospheric Research Collaboratory (UARC) began as a resource for
upper atmospheric physicists to access remote instruments on the west coast of Greenland (Olson
et al., 2008) but grew to share instruments around the world. The NMR at the Beckman Institute
at the University of Illinois could be accessed from classrooms to examine chicken embryo, in a
project called Chickscope (chickscope.itg.uiuc.edu). In the humanities, academics can access a virtual
archeology environment through Ceren, the name of a village in El Salvador that, like Pompeii,
was buried in ashes in the 7th century (ceren.colorado.edu). In the corporate world, Google and
Nintendo give access to developers to a testing portal to run tests on their Web applications or
Nintendo games.

Another kind of shared resource is access to high end computational resources, such as su-
percomputers or massive clusters. Such facilities are needed when huge amounts of data need to
be analyzed, such as those that arise in fields like high energy physics, fluid dynamics, weather and
climate modeling, astrophysics, molecular biology, and many other fields. One particular subset
of these needs is the creation of scientific visualizations. Large, high-definition displays make it
possible to create visualizations of enormous complexity and detail, including a variety of three-di-
mensional displays (See Figure 2.1).

One current example of the need to process huge amounts of data comes from the Large
Hadron Collider (LHC) at the European Center for Nuclear Research (CERN) in Geneva, Swit-
zerland. When in operation the LHC produces about 15 petabytes of data per year. As a result, a
large networking and computing infrastructure was created to allow physicists around the world to
analyze data from the LHC experiments. A description of the LHC and how such infrastructure
was created is in Hofer et al. (2008).
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Figure 2.1: High-resolution, wall-sized visualization of the human brain.

One particularly interesting example of the use of high end computing was carried out in
the early phase of the George E. Brown, Jr., Network for Earthquake Engineering Simulation
(NEES), a large-scale, long-term project funded by NSF. In July 2003 the NEES project carried
out a Multi-Site Online Simulation Test (MOST). This test consisted of mixing together physical
and computational simulation in the same experiment. The engineering scenario, illustrated in Fig-
ure 2.2, was to have a simple physical structure that would have a force projected on one end (the
Moment in Figure 2.2) that would be propagated through a steel structure and the results measured
at other points (the Pinections in Figure 2.2). The interesting wrinkle was that the two ends of this
structure were physically implemented at the University of Illinois and the University of Colorado,
while the middle portion was computationally implemented at the National Center for Supercom-
puting Applications in Champaign, Illinois. Figure 2.2 shows the arrangement. From Hofer, et
al.: High-energy physics: The large hadron collider collaborations. Scientific Collaboration on the
Internet, pages 143-151. G. M. Olson, A. Zimmerman, and N. Bos. Cambridge, MA: MIT Press.
Copyright © 2008 Massachusetts Institute of Technology. Used with permission.




2.2. SHARED INSTRUMENT OR RESOURCE 11

Moment Pinections

Figure 2.2: The steel frame structure that was modeled in the NEES MOST experiment.

The MOST experiment was successful, and demonstrated for the earthquake engineering
community that a useful hybrid strategy could be employed in carrying out tests of the stresses
on physical structures that result from motions that simulate potential earthquake motions.
Technical details of the MOST experiment are available in a technical report at www.neesgrid.
org/most/. The most recent information about the NEES project, now known as NEEShub, is
available at nees.org. Of particular interest is information about the current use computational

models at nees.org/simulation.
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Figure 2.3: The three components of the NEES MOST experiment. Adapted from http://nees.org/.

Technical issues abound in shared instruments and resources. Bandwidth needs to be suffi-
cient for the data transfer and delays are unacceptable when controlling an instrument in real time.
There are also safety issues when remote instruments are being controlled by someone at a distant
site. As mentioned, some data flows are monumental, and in some cases even in the first stage the
data must be sampled before it is shared over a network. The data transfer and storage requirements
are huge, though thankfully, there has been rapid development of advanced networking and storage
capabilities (e.g., Tanenbaum and Wetherall, 2011). Access issues and data security are important
issues as well.

Organizational issues surround procedures for allowing access, which involves difficult
choices when many people want to use them. Many organizations develop committees to oversee
this process and to ensure fair distribution of time. There are also issues of certification of users,
often highlighting different customs in different cultures. For example, in Japan, the education
needed for running a large collider is only at the bachelors level, whereas in the U.S., it requires a

Ph.D. Discussions of the organizational issues that arise in large-scale projects are found in Spencer

et al. (2008) for NEES and Hofer et al. (2008) for LHC.

2.3 COMMUNITY DATA BASES

Data and/or information are at the heart of contemporary collaborations, whether in science, engi-

neering, or business. The 2003 National Science Foundation report on cyberinfrastructure (Atkins
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et al., 2003) reviewed in considerable detail the many issues surrounding data in scientific research,
including matters like standardization, curation, access control, confederation, metadata, etc. Also,
working with data also entails tools for processing and visualizing, and training people to use these
tools. These matters get especially complex when members of different disciplines collaboration on
cutting edge problems. Zimmerman (2008) reports examples from ecological research that data
collected for different purposes or by researchers with different skills can affect their reusability.

In the business world, the enormous interest in knowledge management (e.g., Hislop, 2013)
is an indication of how valuable information is in the contemporary enterprise. The many com-
plexities surrounding the introduction of electronic medical records (e.g., Park et al., 2012) reveal
how important data issues are in the medical realm. Voida and her colleagues (Voida et al., 2011)
underscored the importance of data management in the non-profit world. Controversies about
information and data security abound as a lot of infrastructure migrates to the “cloud” (IMarshall
and Tang, 2012; Voida et al., 2013) further underscoring the sensitivity and importance of data
management issues.

Not surprisingly, then, many of the geographically distributed projects that we studied have
had the development and maintenance of data repositories as their central organizing goal. For ex-
ample, a number of recent projects in science and engineering collaborate to standardize their pro-
cedures and share their data. One of the projects in the Biomedical Informatics Research Network
(BIRN) involves collecting standardized data on functional images of the brains of schizophrenics
(Olson et al., 2008). By standardizing the equipment and the protocol and sharing their data in a
shared data repository, science can advance much more quickly because of the larger sample size. In
the humanities, the Thesaurus Linguae Graecae project has digitized most of the literary texts written
in Greek, starting with Homer and up to the fall of Constantinople in 1453 (www.tlg.uci.edu). This
resource is a collection of digital documents and their translations, today containing 10,000 works.

In many corporations, knowledge bases are contributed to by people over time. Dow Chem-
ical, for example, has a repository of all the laboratory tests it has ever conducted, an impressive
archive that prevents them from having to redo expensive tests. In the non-profit world, an example
is the national list of political donors (www.fec.gov/finance/disclosure/norindsea.shtml) and the
Red Cross database that local chapters contribute to noting their local volunteers and what skills
they have been certified in (www.redcross.org/find-your-local-chapter).

Community Data Bases often lead standardization efforts. Sometimes it takes agreement
from many disparate parties to form standards, but these standards are essential in allowing people
to aggregate their data and store it in a searchable format. In many science communities, in partic-
ular, there are a number of technical tools developed to model and visualize aspects of the data. An
example is the d3 environment, which is a JavaScript library for developing visualizations (d3js.org).
Visualizations are a powerful method for understanding data (Card, 2012; Ware, 2013).
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An important organizational issue is how to motivate individuals to contribute (Bos, 2008).
Some science collaboratories have developed policies that make it mandatory to contribute data
if a person wishes to use the repository. Some journals that publish studies based on new gene
sequences require that the sequence data be submitted to GenBank before you can publish your
work. In order to protect the author(s); rights to their findings, GenBank will hold off releasing the
sequence data until a declared publication date.’ In the corporate world, the dilemma in competi-
tive environments like consulting companies is how to motivate individuals to contribute their best
ideas and practices because it is by their ideas that they are judged for promotion or partnership
(Orlikowski, 1992).

A recent phenomenon with huge implications for Community Data Systems is the emer-
gence of what is being called “Big Data.” While large data sets have been the norm in many areas
of science for a long time, the emergence of sensory technology, logging of software activity, and in
general the large scale of data capture of human activity has led to the creation of gigantic data sets
that create all manner of commercial and scientific opportunity. Sites such as Google or Facebook
make extensive use of such data to tailor aspects of the user experience. Amazon and others use
large amounts of data to track user behavior and make recommendations. And social scientists are
intrigued with the opportunities for studying behavior in a richness of detail over time that opens
the door to new forms of inquiry. Of course, the phenomenon of Big Data has led to all manner
of concerns about accuracy, privacy, data access and ownership, and opportunities for mischief. The
recent revelations of the extent to which the U.S. government has been mining data in an alleged

desire to forestall terrorists is only the most dramatic example of these concerns.

24 OPEN CONTRIBUTION SYSTEM

One of the most exciting recent developments is the facilitation via digitization of an activity that
goes by a number of different names: citizen science (Bonney et al., 2009; Hand, 2010), the wisdom
of crowds (Surowiecki, 2005; Shirky, 2008), collective intelligence (Malone et al., 2010), smart mobs
(Rheingold, 2002), and crowdsourcing (Howe, 2008; Brabham, 2013). The idea that something very
intelligent and useful can arise through a series of microcontributions (Sproull and Kiesler, 2005) is
actually quite old, and indeed is a key element of the underlying mechanics of market economies.
Supposedly, Francis Galton was surprised that the average guess of the weight of an ox calculated
across the individual estimates of the members of a crowd was very close to accurate, whereas the
individual estimates were mostly far off. This is close to the standard demonstration often done in
introductory economics classes where members of the class are asked to estimate the number of
pennies in a jar. Once again, the average of the class’s estimates is usually very close to the actual

number of pennies, even though the individual estimates show a wide dispersion.

3 See details of this policy at www.ncbi.nlm.nig.gov/genbank/.
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Surowiecki (2005) listed the criteria that need to be in place for the wisdom of crowds to
emerge: diversity of opinion, independence of opinions, decentralization, and a mechanism for
aggregating the individual private judgments into a collective decision. By a similar analysis, condi-
tions that lead to a failure of collective wisdom can be listed: homogeneity of opinions, centraliza-
tion of decision making, division or isolation of opinions, imitation, and emotionality (Surowiecki,
2005). Another key element is that each individual’s judgment is modest in size, a microcontribu-
tion as noted above.

The Internet and subsequent digitization of tasks has yielded a large number of successful
projects along these lines. For example, the Clickworkers project had public volunteers look for cra-
ters on images of the surface of Mars from the Viking Orbiter. The statistically aggregated inputs of
such volunteers was indistinguishable from the judgments of experts (Szpir, 2002). Galaxy Zoo has
citizens differentiate two kinds of galaxies from images gathered by the Sloan Digital Sky Survey
(Lintott et al., 2008). Interestingly, a teacher in the Netherlands, Hanny van Arkel (Figure 2.4), dis-
covered a third kind of galaxy while participating in the Galaxy Zoo project, dubbed Hanny’s Voor-
werp (Dutch for “object”; Wiggins and Crowston, 2010). FoldIt has citizens using their remarkable
perceptual skills to figure out how to fold proteins (Cooper et al., 2010); in a recent breakthrough,
citizens working in FoldIt were able to determine the structure of a key protein associated with the
HIV virus (Khatib et al., 2011). Hand (2010) reviews a number of other such projects.

Figure 2.4: Hanny van Arkel, discoverer of Hanny’s Voorwerp. Copyright © Adrie Mouthaan. Used

with permission.

Similar projects occur outside of the science domain, and provide some useful insights into

the mechanisms for such projects. Luis von Ahn invented a guessing game called the ESP game in
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which individuals, paired with another randomly chosen person on the Internet, are rewarded for
guessing the same labels for pictures. It is generally an effective way to generate good labels for pic-
tures (von Ahn and Dabbish, 2004). von Ahn also invented Captcha, a mechanism for discriminat-
ing people from bots when accessing sensitive information on the Web, such as a site to complete a
purchase (von Ahn et al., 2004). This was elaborated into ReCaptcha (von Ahn et al., 2008), which
uses the Captcha logic to identify words that have been poorly scanned in OCR documents (see
Figure 2.5).This has proven to be an effective way to clean up documents that have been OCRed in,
for example, the Google Books project. Project Gutenberg has a similar goal: distributed proofreaders
correct digital texts that have been automatically digitized with optical character recognizers (www.
gutenberg.org). A number of projects have used Amazon’s Mechanical Turk to pay participants
tiny amounts of money for completing a tiny task. One of the more remarkable examples of this
is Kittur and Kraut’s (2011) Crowdforge project that has used Mechanical Turk to have crowds
of individual contributors create sensible texts. The non-profit Souper Bowl of Caring provides
resources to local organizations which in turn contribute their stories and ideas for creative events

(www.souperbowl.org).

‘This aged portion of society were distinguished frow
. T TR ! ! l

“niis aged pntkm at society were distinguished frow.”

Figure 2.5: Example of the kind of material that would be used in reCAPTCHA to improve on
scanned text. The items that OCR had gotten wrong would be presented to human users to identify.

'The technical issues have to do with making the system reside on a variety of platforms and
be easy to use. People have to be able to make their contributions without a lot of training, though
some specialized cases like Stardust at Home have introduced a training routine that must be suc-
cessfully passed before citizens are allowed to look for interstellar dust on images made during
Stardust mission. Bonney et al. (2009) provide a good description of the process for developing a

successful project along these lines.

2.5 VIRTUAL COMMUNITY OF PRACTICE

Virtual communities of practice are networks of people who share an area of interest and commu-
nicate about it online. They often share pointers to resources, best practices, upcoming events, etc.

They are not focused on a shared project goal, like Distributed Projects. In science, from 2000-2008
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Ocean.U.S. was an electronic meeting place for researchers interested in the oceans around the
U.S,, a resource for community building and planning, leading to the development of an Inte-
grated Ocean Observing System (www.ioos.noaa.gov). The Thesaurus Linguae Graecae collection
has a website that offers links, suggestions, job postings, etc., to researchers. WCENTER, a dis-
cussion list focusing on writing center issues (writingcenters.org), and Tuesday Caf?, is a real-time
discussion group for writers (suzannesengl.blogspot.com; Sewell, 2004). Business schools often
create executive forums or affiliate programs, e.g., for CIOs, where their advice and counsel are
captured and put on a portal, and accessed by and added to by the members. They do not share
information that would constitute a competitive advantage, but rather links and resources to make
their professional jobs better.

Social networking software, such as Facebook, have provided a fruitful model for the creation
of more specialized social networking sites for particular communities or organizations. One ex-
ample is Dogear, a social networking site developed internally at IBM (Millen et al., 2006), which
later was included in an internal environment called IBM Lotus Connections. Grudin and Poole
(2010) looked at the use of wikis in enterprises, and found that while thousands of wikis had been
set up within enterprises, only those that were for new groups in a start-up mode seemed to be
successful in using this genre.

The main technical issue is accessibility and ease of use. Organizationally, the key issue is
motivating participation and use. For more on the possibilities in motivating people, see Bos (2008)
and Ling et al., (2005).

2.6 VIRTUAL LEARNING COMMUNITY

The purpose of a virtual learning community is to organize the high-level training around an es-
oteric topic. ArchNet is a collaboration that involves a digital library of over 600,000 images of Is-
lamic architecture, and through active discussion boards participants learn about architecture while
viewing images (archnet.org). The Pan-Canadian Health Informatics Collaboratory was developed by
the British Columbia Institute of Technology as an e-learning environment to enhance existing or
new education and training in the health sciences (Meginbir et al., 2004).

More generally, the world of on-line training and webinars (for web-based seminar) has
grown strikingly in recent years. Such commercial resources as WebEx and GoToMeeting (also
GoToWebinar) have provided convenient infrastructure for such activities. An expert on some
topic can make a multimedia presentation, and often members of the audience can interact with
the speaker either in real time or asynchronously. These tools are mostly available through any
web browser, with the hosting taking place remotely. Audio can be carried either over the Internet
(VoIP, or voice over Internet) or through a standard telephone line. These are more commonly used

in corporate than in academic settings, since these commercial resources involve cost.
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But increasingly, options are available for universities and other non-profits. An interesting,
rich set of educational opportunities are emerging through the Khan Academy (www.khanacad-
emy.org) and various Massively Open Online Courses (MOOC:s) such as the OpenCourseWare at
MIT and the new Coursera (Coursera.org). These offerings go beyond just broadcasting lectures,
to include peer grading, which is necessary when courses enroll more than 100,000 students, which
in itself is an active learning opportunity. And, they often foster the formation of local cohorts of
students taking the same class, meeting face-to-face to discuss course material and exercises, as well
as to foster a local network of people with common interests (DiSalvio, 2012).

Organizationally, as with any educational system, one wants to be sensitive to the diverse set
of current knowledge of the students and meet their needs. Additionally, assessments of learning
and credentialing have to be established to meet the needs of both the students and the professional
certification board. An interesting example is a study by Gibbons et al. (1977) who showed that
videotapes with a tutor can be more effective than standard classroom or even live video presenta-
tions. Cadiz et al. (2000) followed up on this earlier work by building cost-effective systems that
allowed for this kind of learning, and again found positive results for supporting on-line discussion

of video material.

2.7 COMMUNITY INFRASTRUCTURE PROJECT

A community infrastructure project’s goal is to build the infrastructure or specific technical prod-
ucts so that people in a particular domain can build a collaboratory of various sorts. The Grid Phys-
ics Network (GriPhyN) joined information technology researchers and experimental physicists to
build the first petabyte-scale computing environment for data-intensive science (Hofer et al., 2008).
Digital Research Infrastructure for the Arts and Humanities (DARIAH) builds infrastructure to
support collaborative projects in the humanities and related disciplines (www.dariah.eu). Both
DARIAH and the Dutch Virtual Knowledge Studio (virtualknowledgestudio.nl) explicitly state
that they want to open up the field to new ideas made possible by computation, data storage and
retrieval, and networking.

Like the other kinds of collaborations, sharing of computational resources also requires de-
veloping standards, and managing large data sets. Issues arise in managing these as well. A study of
the American Institute of Physics of their multi-institutional collaborations (AIP, 1992) found if
these are managed by professionally trained managers, they come in on time and on budget; if they
are managed by an academician, they are more likely to fit the sometimes quirky needs of acade-
micians. In academics, a young person’s career may be impacted if building infrastructure “counts”

less than more scholarly publications.
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2.8 REMOTE EXPERTISE

Many collaborations connect people with various kinds of expertise. Some collaboration focuses
entirely on providing expertise to remote others. The most common such collaboration focuses on
“telemedicine.” An early effort, EU-TeleInVivo (Figure 2.6), concentrated on providing telemedi-
cine mobile workstations with built in ultrasound devices in remote areas of the EU, for people on

islands, other kinds of remote areas, and those in crisis situations.
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Figure 2.6: The EU-TeleInVivo project for remote use of ultrasound diagnostics.

More recently, InTouchHealth produces video-conferencing robots for remote medicine that
can actually go on rounds and from patient to patient (www.intouchhealth.com) (see Figure 2.7).
VGo, similarly, allows remote patient monitoring, as well as remote presence in school of children
who are unable to attend for health reasons (vgocom.com). In the corporate world, there are oc-
casions when large machinery breaks down, but the diagnostics and repair can be done remotely,

mainly because much of today’s machinery is computer controlled.
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Figure 2.7: The InTouch Health telemedicine robot, with video conferencing on a remote controlled

unit. Copyright © 2013 InTouch Technologies, Inc. Used with permission.

Technical issues focus on bandwidth and sensor technology (e.g., video, blood pressure read-
ings) as well as security, since many of these projects involve health information. Organizationally,
there are many legal issues about misdiagnosis and licensing across governmental units. Can an
expert physician in Montana work remotely in Idaho? Additionally, the roles of the non-experts
who are co-present with the device or person being diagnosed are likely to change. Do the nurses
attending the remote robot physician have to now do more than they previously did, like open
doors, administer diagnostic instruments and clear a path? But new business opportunities also
open up for agents to represent the remote experts and be readily made available to the remote

organizations that need them.

2.9 EVOLUTION FROM ONETYPETO ANOTHER

The world is not as simple as this categorization scheme suggests. Many collaborations start with

a core of one type and then migrate to include other resources and services. For example, by using

a shared instrument, one might find a colleague interested in the same phenomena and strike up a
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more focused collaboration. Many of the above-mentioned collaborations add information for the
users that make it a virtual community of practice beyond a distributed project. As collaboration
builds, often a community data system grows with it, along with the opportunity for outsiders to
contribute and access the accrued data resource. Along with devising a shared instrument or mod-
eling environment comes the need for a virtual learning community.

Common technical issues have to do with capacity to host other kinds of services. An early
collaboratory, the Upper Atmospheric Research Collaboratory, a shared instrument collaboratory,
started as a client application on NeXT machines which were purchased for the end users. By add-
ing more instruments to the collaboratory and the emergence of the World Wide Web required a
complete re-architecting of the system. Migrating from a shared instrument to a shared data repos-
itory added issues of server management and standards development (Olson et al., 2008).

Organizational issues also shift when one migrates to include a new capability. Often it has
to do with how decisions are made; having a governance plan and an active community of stake-
holders makes the transition go more smoothly. And, of course, migration also take significant
funding; one is more able to make the case for additional budget if the core capability was success-

fully managed and delivered.

2.10 SOME OTHER FACTORS

Our typology focuses on the primary purpose of each collaboratory type. But there are some other
factors that can influence how a collaboratory works, and what might be important to its success.

We briefly list some of these here.

* Size. A collaboratory of a dozen scientists is a very different kind of activity than one
of 3000 (like the CERN ones). Very different kinds of management practices emerge

with scale.

* Diversity. A collaboratory in a single field is very different than those that are inter-
disciplinary (or multidisciplinary or transdisciplinary; see Stokols et al., 2013).

* Multi-team. An issue somewhat different than size is the extent to which a project
consists of relatively loosely coupled teams. As defined in the introduction by the series
editor, “Multiteam systems are two or more teams that interface directly and interde-
pendently in response to environmental contingencies toward the accomplishment of
collective goals (Zaccaro et al., 2013, p. xii).” This book reviews the complexities of

these kinds of arrangements in great detail.
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2.11 SUMMARY
Table 2.2 summarizes the technical and organizational issues highlighted in the paragraphs above.

As we go through the success factors in the chapters that follow, it helps to know which issues are

particularly salient for a particular type of collaboration.

Table 2.2: The technical and organizational issues particularly salient for each type of collaboration

Distributed Project

Technical Issues
Rich media for

communication

Organizational Issues

Stay motivated, develop standards,
explicit inclusive decision making,

intellectual property

Shared Instrument

Bandwidth, no delays, data

transfer and storage, security

Access procedures, certification of

users

Community Data
System

Standardization, tools for

modeling and visualization

Motivation to contribute

Open Community
Contribution System

Usability, standardization

Quality control, motivation to

contribute

Infrastructure Project

of users

Virtual Community of | Wikis, accessibility and ease Motivation to contribute
Practice of use

Virtual Learning Technical disparities, Meet different educational levels,
Community interoperability, certification

Community Meet the needs of the variety | Project management, impact on

junior participants’ career paths
J P 1% P

Remote Expertise

Technical disparities, band-

width, sensor technologies

Licensing across state borders,
assistants’ jobs, and new business

opportunities.
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2.12 KEYATTRIBUTES

Table 2.3 shows how these eight types array themselves across two major dimensions: whether the
collaborators interact with each other a great deal or not, called tight or loose coupling, and what

is shared, tools, information, or knowledge (Bos et al., 2008).

Table 2.3: Relationships among the eight types of collaboratories

Tools Information Knowledge
Loose coupling Shared Instruments | Community Data Virtual Community
between collaborators Bases of Practice
Open Community Virtual Learning
Contribution System | Community
Tight coupling Community Distributed Project
between collaborators | Infrastructure Project Remote Expertise

Shared Instruments and Community Infrastructure Project collaborations offer tools to
others, but differ in how closely coupled the interactions are with each other. Community Data
Bases and Open Community Contribution Systems collect their data or contributions, but again,
differing on how closely coupled the interactions are among the collaborators. Where Community
Data Base collaborators have to agree on standards, their contributions are quite independent after
that. With the Open Community Contribution System, things that are contributed have to work
together, but often the integration is guided by a central service or resource. Similarly, people in
Virtual Communities of Practice and Learning share different kinds of knowledge yet are much
more loosely connected than are people in Distributed Projects and Remote Expertise systems with

the people they are consulting or collaborating with.

2.13 USING THE TYPOLOGY

We generated this typology to help see how collaborations differ and the technical and organiza-
tional issues that each type presented. After identifying over 700 collaborations that have distrib-
uted participants and revealing their solutions in technology and social practices, it helped us to
categorize and find common issues and best practices. In subsequent chapters, as we go through the
factors that affect the success of a collaboration, recognizing the type will inform the importance

or value of a particular factor.
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CHAPTER 3

What It Means To Be Successful

Before presenting the factors that both we and the literature confirm that lead to success in distance
collaborations, we want to review what people mean when they use the word “success” in various
discussions. It can vary from a new business or scientific breakthrough to merely that a newly devel-
oped tool was used by someone. We first review the criteria for success in the academic or research
world, including both the sciences and the humanities. Then we turn to analogous criteria in the

for-profit and non-profit worlds.

3.1 SUCCESS IN RESEARCH: THE SCIENCES AND THE
HUMANITIES

Universities or large research centers are a special kind of non-profit, although many for-profit
corporations have large research entities that also contribute in the ways we will describe here.
Their goals are creating new knowledge, attracting talented faculty or researchers, providing hos-
pitable environments for research and teaching, and passing that knowledge on to students or
postdocs. Many scholarly disciplines, such as engineering, are interested in contributing to the
solution of practical problems. Indeed, Donald Stokes (1997) argues that solving practical prob-
lems and contributing to basic understanding are not opposite ends of a continuum, but rather
occupy the upper corner of a quadrant described by two dimensions corresponding to these two
aspects of research. Thus, augmenting Cummings and Kiesler (2008), we will describe measures

of success in five major categories:

* Ideas
* Tools
* Training
* Outreach

* Impact

The emergence of information and communication technologies has enabled geographically
distributed collaborations that can bring together the right expertise, facilities, and resources to
enable successful scholarly projects. Indeed, one reason why such difficult collaborations are on

the increase, as described in Chapter 1, is that the successes thereby achieved can be spectacular.
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But as we’ll outline in this entire book, working together apart has many challenges standing in

the way of success.

3.1.1 IDEAS

'The most basic kind of success for scholarly projects is the creation of new knowledge. One of the
longest running collaboratories in science, the Long Term Ecological Research Network (LTER),
made a major discovery about the dynamics of hantavirus, a disease carried by deer mice but infect-
ing only humans (Michener and Waide, 2008). Earlier we described how the Galaxy Zoo citizen
science project allowed a Dutch schoolteacher to discover a new kind of galaxy. In general, such
breakthroughs take a long time to create and recognize, and therefore it is important to measure
other things thought to be correlated with ultimate breakthroughs.

The goal of many collaborations is to bring people from different disciplines together,
counting on diversity to create breakthroughs. Stokols et al. (2008) argue that the emergence of
widespread interest in the science of team science is often associated with bringing together ideas
and methods from different disciplines. One possible measure of success might be the number of
people actively involved and the number of disciplines successfully brought to bear on a problem.
Cummings and Kiesler (2008) found, however, that though the number of disciplines involved
in a project did not correlate with success (either positive or negative), the number of institutions
involved did (negatively), suggesting this issue is more subtle. LI'ER’s early and continuing goal
was to bring people from other disciplines, like social scientists, statisticians, etc., to the study of
ecology, and as mentioned, they have achieved some success. Many of the collaboratory projects
that we have studied in the sciences and the humanities have united domain scholars with computer
scientists to create tools that they hope will contribute to breakthroughs.

Some people measure the output of collaborations: higher quality publications, more patents,
jointly authored papers, and any of these produced more quickly. LTER, for example, boasts over
18,000 papers as of 2013 and over 1,800 theses. The Cummings et al. (2012) longitudinal study
of productivity in the NSF ITR program examined the number of publications, and specifically
looked at net productivity controlling for a number of factors, including prior productivity of the
individuals. Progress is also often thought tied to sharing ideas, so that people “can stand on the
shoulders of giants.”

Working more efficiently is also considered success, having fewer duplicated efforts from
sharing ideas and results more quickly and more broadly. Google Scholar is one major contributor

to fields whose publications are accessible from it.
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3.1.2 TOOLS

Infrastructure projects (themselves collaborations) to support distance collaborations often explic-
itly report wanting to open up new ways of working. The BIRN collaboratories were test-beds to
show how networking, shared tools, and coordinated federating of data could offer new ways of
working (Olson et al., 2008). The Dutch Virtual Knowledge Studio for the Humanities and Social
Sciences explicitly stated that they wanted to open up humanities and social scientists to new ways
of working (virtualknowledgestudio.nl).

Capitalizing on broad contributions to a project, micro-participation, also represents a very
new way of working. So-called “citizen science” has found ways to engage large numbers of people
who do small tasks and then the results are aggregated (Bonney et al., 2009; Hand, 2010). Amazon’s
Mechanical Turk offers a mechanism to pay people small amounts of money to carry out a small
task, and this has been used in a variety of creative ways in scientific research (Kittur et al., 2008;
Paolacci et al., 2010; Kittur et al., 2011).

Associated with many collaborations is tool building specific to the domain. Many commu-
nity data systems have tools allowing people to visualize and analyze the data. Success has many
different levels in the area of tool building. That a tool gets built at all is one level; users adopting
the tool (and complaining if it’s taken away) is a second level. Tools moving from prototype to
production quality is another level. New users adopting the tool is the fourth and highest level. As
an example of the highest level adoption, the Electronic Laboratory Notebook created at EMSL
has been adopted by a number of other collaborative projects. CORE 2000 offered a set of tools
that have been built upon. 7be Visible Human added domain specific tools to CORE 2000 including
image analysis (Myers, 2008).

3.1.3 TRAINING

All areas of scholarship require that new people enter the field and learn how to do research in
one or more relevant areas. Thus, if a geographically distributed project is one that engages more
entering scholars and facilitates their training, it achieves an important kind of success. Similarly,
even established scholars need to update or expand upon their skills and knowledge, so training is
relevant to all phases of a scholarly career.

Scholarly seminars can have broader reach through conferencing technologies like Centra
Symposium,* Google Hangout, and Skype. We found these to be very effective for training in a
multi-national HIV/AIDS collaboratory involving the US, Europe, and southern Africa (Bietz et
al., 2008). We also observed a number of occasions where graduate students were mentored over
the network by researchers at other sites (Olson et al., 2008).

4 http://www.ivci.com/web_conferencing_centra_symposium.
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New distance learning paradigms are emerging. One of the most remarkable is the new
massive open online course, or MOOC. The core idea is making course material available on line,
usually for free. Students can sign up, and may or may not be regularly evaluated, with some kind of
documentation of completion at the end of the course. While there are many historical antecedents
to the idea of offering large-scale courses over the Internet, these have really taken off recently. In
the fall of 2011 Stanford University offered a course on artificial intelligence for which 120,000
people enrolled. A number of consortia have been created, including Udacity,” Coursera,’ and edX.’
Many major universities belong to one of these consortia, and the level of activity is accelerating.
Many have found these to be remarkable opportunities to acquire general or specialized knowledge
relevant to their area of research.

Having new ways of working with a broader set of idea generators can attract more and
different kinds of people to the fields. Some of the beautiful images from the Upper Atmospheric
Research Collaboratory (UARC) were available to schools, high schools and universities, and
students could watch events unfold over time, both live and in replay, in the associated web por-
tal, Windows to the Universe (www.windows2universe.org). Scientists used the replay feature to
reanalyze and teach their colleagues. There was also evidence of the UARC/SPARC environment
being used for remote graduate student mentoring (Olson et al., 2008). Schoolyard LTER reaches
tens of thousands of K-12 students (schoolyard.Iternet.edu). The infrastructure developed in the
Great Lakes Regional Center for Aids Research (GLR CFAR) was used additionally for training
health professionals about West Nile, new to the area (S. Teasley, 2000, personal communication).

3.1.4 OUTREACH.

Universities, like other non-profits, have to garner resources. Public outreach is key to persuading
legislators and donors to fund academic endeavors. One measure of success is re-funding by fed-
eral funders or foundations. Just having the general public more interested (through outreach in
schools and public presentations in the communities or in the media) convinces funders that there
is a public good in supporting these endeavors. Another measure of success is having new funding
sources appear.

Also, there are a number of early collaborations that inspired later ones. UARC inspired
SPARC, and the BIRN test bed project successfully inspired other projects in the biomedical field.
Many early participants in collaboratory projects became key figures in later projects, or in key ad-

ministrative roles in funding agencies (see Olson et al., 2008), for examples pertaining to follow-ons

to the UARC/SPARC decade-long project).

5 .
www.udacity.com.
WWWw.coursera.org.
www.edx.org.
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3.1.5 IMPACT

As Stokes (1997) argued earlier, seeking deep understanding of phenomena does not have to be
inconsistent with solving practical problems. His namesake example for this combination of traits
is Louis Pasteur (hence the book title, Pasteur’s Quadrant), who solved practical problems for French
farmers at the same time as he achieved deep understanding of the germ transmission of disease.

To quote Stokes:

“No one can doubt that Pasteur sought a fundamental understanding of the process of disease,
and of the other microbiological processes he discovered, as he moved through the later studies of
his remarkable career. But there is also no doubt that he sought this understanding to reach the
applied goals of preventing spoilage of vinegar, beer, wine, and milk and of conquering flacherie

in silkworms, anthrax in sheep and cattle, cholera in chickens, and rabies in animals and humans
[p.12].”

Research can have impacts in many ways. We know that, as Kurt Lewin said, “There is
nothing so practical as a good theory.” A rheory codifies complex relationships into manageable
predictions. But in addition, research provides impact through technical innovations like new drugs,
treatment plans, software, etc. Intermediate impact comes through new tools described above, like
guidelines, patterns, toolkits and standards. Research can lead to po/icy that affects a number of peo-
ple, like SOPA/PIPA? on intellectual property and privacy. New media technologies have made new
ways of disseminating new knowledge available, including YouTube. For example, Hans Rosling
made a number of video presentations that presented animated visualizations of population growth,
education, and birthrates in different countries over the last century, engaging people in these phe-
nomena. These videos have been viewed over 6 million times (www.gapminder.org). Action Research
serves multiple goals: Gleaning generalizable findings while impacting people in a particular set-
ting, like helping caretakers of pre-term infants monitor the infants’ activity and other key factors
(Hayes, 2011). And finally, as mentioned above, teaching to massive audiences as in Massively
Online Open Courseware (MOOC:s) as in Udacity and Coursera, open up new knowledge to very
large numbers of people, not just students enrolled in educational programs but anyone anywhere.

One special case of impact is sustainability. For projects that last for longer periods, sustain-
ing initial successes is important. Archambault and Grudin (2012) did a longitudinal study of the
adoption and use of various social technologies at Microsoft, and while there was rapid adoption of
many of them, some peaked and eventually declined. Of course, this is in a very complex organiza-

tional ecology, so sorting out exactly why these things happened is a complex matter.

¥ SOPA = Stop Online Piracy Act; PIPA = PROTECT IP Act.
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3.2 SUCCESS IN CORPORATIONS

As we reviewed in Chapter 1, corporations are adopting what they often call “virtual teams” in

increasing numbers. There are a number of reasons for this:

* needed expertise is not local, and employees are increasingly less likely to move loca-

tions (Lurey and Raisinghani, 2001);
* labor costs or taxes are lower elsewhere, increasing profitability;

* information about what global customers want and need is better gained by people

local to them;

* not having to relocate may enhance job satisfaction, keeping human capital loyal to

the corporation; and

* being able to learn new skills through remote learning opportunities or interacting

with a remote expert increases value of an employee to the organization.

Corporations often measure success primarily by the size of their profits, which comes
through increasing their productivity (output per cost of input and labor) or gaining better market
share through higher quality or lower price. The recent Balanced Scorecard and Dynamic Multi-di-
mensional Performance (DMP) schemes for measuring success broadens beyond financial success
and looks additionally at process and human capital factors that lead to financial success (Kaplan
and Norton, 1996; Maltz et al., 2003).

The DMP scheme advocates that while there are some baseline measures in their catego-
ries, there are also some specific additional measures for type of corporation (large/small, new/
established), and form specific measures that fit the specific domain of the company. Table 3.1

shows examples.
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Table 3.1: Examples of success measures from which to choose (adapted from Maltz et al., 2003)

Baseline Measures Firm Type Measures Firm Specific
Measures
ROE

Revenue Growth Revenue per employee

Financial Sales

Stock price (large)

Market/Customer Customer retention | Market share (large) | On-time delivery

Process Time to market Depth of standardized | Quality initiatives

processes (>3 years)

People Development QXSGRO Ry Employee satisfaction

employees survey

Future Anticipating Investment in new Forecasting

unexpected changes | technology develop-

ment (>3 years)

Grudin (2004) provided a similar analysis in discussing how return on investment (ROI)
should be thought about in the context of adapting new technologies. Table 3.2 shows his analysis,
which draws on the work of McGrath (1984). He argued that too often the focus is on perfor-
mance, yet this table shows that there are 11 other characteristics that could be important for the
well-being of an organization. He offers as an example the introduction of changes in an admin-
istrative assistant’s workplace that leads to a 10% performance gain, but also leads to 15% higher
absenteeism and 20% greater turnover. Clearly, this modest performance gain would not be worth

these other costs. In short, the question of success needs to be looked at broadly.

Table 3.2: Group functions (adapted from McGrath, 1984)

Production Group Member Support
Well-Being
Inception Production Interaction Inclusion demand

demand and demand and and opportunity
opportunity opportunity

Prob- Technical Role network | Position and sta-
lem-Solving | problem-solv- | definition tus attainments
ing
Conflict Policy resolu- | Power and Contribution and
Resolution | tion payoff distri- | payoft distribu-
bution tion

Execution  |(Performance ) | Interaction Participation
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3.3  SUCCESS IN NON-PROFITS

Unlike corporations, non-profits are not out to make money; rather, their goals are to spend their
money for the greatest good. Like corporations, efficiency and productivity is valued, because the
same money can go further. Some professional organizations, like Charity Evaluator, will rate char-
ities for how much money goes to management and how much to the people being served. They
state that, for example, 7 out of 10 charities spend more than 75% of their money on programs and
services; finding a charity that spends less is a red flag to inefficiency. Many other service non-prof-
its rate things like the number of people served, number of food packages donated, and number of
repeat visits by clients to services. Some evaluators measure impact in targeted concrete ways. For
example, in a home-nursing non-profit for first-time mothers, they measured the birth weight of
newborns and the number of babies vaccinated (Hicks et al., 2008). A non-profit whose goal was
to reduce the number of illegitimate babies born and number of sexually transmitted diseases in the
Bronx measured both direct outcomes and changes in attitudes through a detailed survey. But the
impact, like a new discovery in science, the real goal, is hard to measure.

Moreover, success for a non-profit can be measured in terms of resources they attract. Percep-
tion of donors can affect their continuing to contribute. So, like corporations, brand name aware-
ness is important. If funding comes from the government, political skills are important to secure
continued funding. And, partnering with businesses, to get them to see the value in changing their
practices, is a measure of success, both in financial and impact terms.

Finally, non-profits are also organizations, and the kinds of factors listed in Tables 3.1 and
3.2 are relevant here. A charity that burns out its volunteers with too much stress will not succeed
in the long run. One of the evaluation criteria in a non-profit we studied included employee satis-
faction, both with the management and with the efficiency of the service. Similarly, a public library,
college, or social service agency faces the same issues in employee well-being and retention, as well
as the quality of the service provided to their clients. Measures of success require a balanced view

of these multiple criteria.

34 SUMMARY OF SUCCESSES

As outlined above, there is not single accepted measure of success. All organizations strive to use
their resources well, to make progress in service, knowledge, or products. All organizations are more
sustainable if their employees are equipped with what they need and have opportunities to increase
their skill levels. Adopting tools built by others is akin to creating a product enjoyed in a market.
Appreciation of the work by others, either customers or funders (shareholders, in some cases) cre-
ates continued wealth and resources to further the cause. To appreciate successes, we can point to a
number of factors that are correlated with the ultimate success, be it breakthrough new knowledge,

serving a large number of people well, or making a profit.
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CHAPTER 4

Overview of Factors that Lead to
Success

Given the increasing importance of distance work, we and a number of other researchers have
attempted to both identify and categorize the factors that lead to success. We presented our initial
categorization in “Distance Matters” (Olson and Olson, 2000), from which added various factors
new to us in TORSC (Olson et al., 2008). Stokols et al. (2008) generated a list and summarization
similar to ours, and Koslowski and Ilgen (2006) also have an organization that aligns well with
what we present here.

We categorize the factors that we and others have found correlated with success as: The
nature of the work, common ground, collaboration readiness, management and organization and
technical readiness. We list these in the table below, phrased in the direction of what leads to posi-

tive success, and then explain each category and its details in the chapters that follow.

Table 4.1: Factors that lead to success in distance collaborations supported by various technologies

The Nature of the Work

Modular work is assigned to each location, requiring less communication overall

The work is routine and unambiguous
Common Ground

There was previous collaboration that was successful

Participants share a common vocabulary

‘ If not, there is a dictionary

Participants are aware of the local context at other sites

Participants share a common working style, including management

p g g g

Collaboration Readiness

Individuals tend toward extroversion, are trustworthy, have “social intelligence,” and are,

in general, good team members

The team has “collective intelligence,” building on each other’s strengths

'The culture is naturally collaborative

'The goals are aligned in each sub-community

Participants have motivation to work with each other that includes a mix of skills, the

like working together, and there is something in it for everyone—not just a mandate

from the funder.
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Participants trust each other to be reliable, produce with high quality and have their best

interests at heart

Participants have a sense of self-efficacy, that they can succeed in spite of barriers.

Management, Planning, and Decision Making

'The project is organized in a hierarchical way, with roles and responsibilities clear

There is a critical mass at each location

There is a point-person at each location

'The project manager:

Is respected

Has real project management experience

Exhibits strong leadership qualities

A management plan is in place

A communication plan is in place

Decision making is free of favoritism

Decisions are based on fair and open criteria

Everyone has the opportunity to influence or challenge decisions

Cultural and time zone difference are handled fairly

No legal issues remain (e.g., IP)

No financial issues remain

A knowledge management system is in place

Technology Readiness

'The technologies fit the work

Communication tools have the richness and immediacy to fit the work

Coordination tools (calendars, awareness, scheduling, workflow, etc.) are sufficient

Everyone has access to shared repositories with sufficient access control

Social computing (e.g., micro-contribution systems and social support) is well

designed and fit the social as well as work needs

Large-scale computation fits the needs

Virtual worlds are used in appropriate ways

‘The network has sufficient bandwidth and reliability

'The architecture fits the need for security and privacy

'The choice of technologies directly considers:

Speed, size, security, privacy, accessibility, richness, ease of use, context, cost, and

compatibility

vww allitebooks.conl
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CHAPTER 5

The Nature of the Work

Distance collaborations are hard because today’s technology, though increasingly sophisticated and
decreasingly expensive, is a far cry from being sufficient. One needs technologies to support the
myriad of things you get for free when you are collocated: awareness of the state of the other people,
often knowing what they are working on, the environmental factors that may impact the work (e.g.,
impending tornadoes, blizzard), information about the person that engenders trust, etc. (Kiesler and
Cummings, 2002). Very few people have the technologies in place to provide all that information.
Distance makes communication of all you need to know difficult.

Social psychologists who study groups have long known that the nature of the task has a
big impact on how the group works. As a result, they have developed a number of task taxonomies
that have guided subsequent research on group behavior. Three of the better known are Thompson
(1967), Steiner (1972), and McGrath (1984). McGrath’s scheme focuses on the goals of the group
work, and as such is not as helpful in determining roles and responsibilities being assigned to lo-
cations. Steiner, like our characterization above, was interested in how much coordinated activity
was required by different tasks, and referred to this as the “task demand.” This clearly is linked to
the kind of coordination in collaboration that we know affects the ease of doing distributed work.
A thorough understanding of Steiner’s taxonomy can help with the design of work for distributed
groups (see Table 5.1).
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Table 5.1: Steiner’s taxonomy of the nature of group work

Divisibility Divisible

Subcomponents can be identified

and assigned to specific members

Playing baseball
Building a house

Unitary The task does not have sub-com- | Pulling on a rope
ponents Solving a math
problem
Quantity vs. Maximizing Quantity: The more produced, Generating lots of
quality the better the performance ideas
Scoring the most
goals
Optimizing Quality: A correct or optimal Solving a math prob-
solution is needed lem
Designing the best
algorithm

Additive

Interdependence

Individual outputs are added to-
gether

Shoveling snow

Compensatory

Decision is made by averaging

together individual decisions

Citizen science proj-
ects

Averaging ratings of
job applicants

Disjunctive

Group selects one solution or
project from a pool of members’

outputs

Having one art proj-
ect represent the en-

tire school

Conjunctive

All group members must con-
tribute to the product for it to be
completed

Climbing a mountain
Divide and conquer

strategy

Discretionary

Group decides how individual in-
puts relate to group product

Agreeing to vote on
the best answer to a

problem

Although the categories of “Quantity vs. quality” are less relevant to our goal here, the cat-
egories of “Divisibility” and “Interdependence” line up well with aspects of our “coupling” concept.
If a task can be broken up, and many workplace tasks can be (it is divisible), then the issue is how
dependent the people are of each other. The distinctions within Interdependence appear to focus
mainly on how and who decides the form of the final output.

Thompson similarly delineates the interdependency of members in a group while doing a

task, but highlights different aspects of the interdependence. His four levels are: Pooled, Sequential,




5.THE NATURE OF THE WORK 37
Reciprocal, and Intense Interdependence. Pooled interdependence exhibits the least dependence, similar
to Steiner’s Additive, above. Independent contributions are summed to produce the output, exem-
plified by a team stuffing fliers in conference totes. Sequential is a type of Conjunctive task, in Stein-
er’s terms, where not only does everyone have to do their part, but also the output of one member
must be completed before the next member can add their part. Processing travel reimbursements
with a series of roles and approvals is a good example of the Sequential interdependence. In Recipro-
cal task interdependence, individuals rely on all the other participants to produce a unified whole at
the end. Often the relationships between the parts and roles are quite complex, contributing to the
difficulty. Conducting new product design is a good example of this type because it often involves
complex interdependencies. In Infense Task interdependence is the most complex, because not only
are people totally dependent on each other, their participation must be enacted simultaneously. Jury
deliberation serves as this kind of interdependence because the exchange of information, persua-
sion, and coming to a final verdict continue with everyone present until they are done. The greater
the interdependence, the more communication required among the team members.

Therefore, in considering stresses on distributed teams, it is important to assign work func-
tions to people at different locations so that they don’t have to have constant communication. Mod-
ularization of the work to the location is the goal (Chompalov et al., 2002; Birnholtz, 2006). We
have seen a number of distance collaborations that did not modularize and witnessed the stress. If
you are highly dependent on someone’s work and do not communicate as if collocated, it is easy to
drift and tempting to attribute to the other person faults in their personality or competence (Myers
and Smith, 2011). Modularization was a design goal in NEESGrid, so that different components
were developed in different locations and Application Programming Interfaces (APIs) negotiated
in the requirements up front (Spencer et al., 2008).

People studying distance collaboration in the corporate world also now recommend reduc-
ing the interdependencies (Sonderegger, 2009). This flies in the face of one of the main reasons
to have distant collaborations, to garner the contributions of experts no matter where they are
(Gassman and von Zedtwitz, 1998). But the difficulty of being highly interdependent but not
collocated negates some of the value of the expertise that could be available. IBM originally set up
its financial report for products worldwide to be hierarchical by product, different locations being
responsible for gathering the information for a product line worldwide and then aggregating the
results at headquarters. This turned out to be so difficult that they switched after about 6 months
to a scheme where each location was responsible for all products in its region, and the aggregation
across regions done at headquarters. It turned out that resolving the different accounting practices
in different regions was simpler when headquarters did it (once for all products) than everyone
doing it repeatedly (once for each product in the region).

A second corporate example involved the joint development of an application to assess

engineering designs for their manufacturability, an early assessment of which would narrow the




38 5. THE NATURE OF THE WORK

design space and waste less design and testing time. Two locations, the U.S. and Mexico, were
originally tasked to collaborate in the full design. This turned out to be extremely difficult, because
independent designs moved forward without the communication required for tight coordination.
Eventually, they reassigned the work so that the database design was assigned to those in Mexico
and the software assessment engine to those in the U.S. This modularization required less constant
communication, once requirements were agreed upon, and resulted in a successful final application.
(Cummings et al., 2009) report similar examples.

EMSL collaborators purposefully divided their work into larger, more independent chunks
over locations, and over time learned to communicate more, discussing analysis options and com-
paring notes at more intermediate stages (Myers, 2008).

A second factor in work that makes distance collaborations difficult is ambiguity. Herbsleb
et al. (1994) noted that at Lucent, the process of building and changing the Class 5 Electronic
Switching System (SESS), the switch that at the time, half the U.S. telecommunication service
providers used, is tightly coupled work and still succeeds. He explained that the development of the
5ESS had been going on since 1982, and the process is well known by all involved. The developers
know who owns the code that speaks to their modules and vice versa. There is very little ambiguity
in the process, and therefore, people know to whom to communicate when.

Unfortunately, ambiguity abounds in all kinds of work. Academic research is about things
not known and often the researchers have to approach problems in new ways. Research and De-
velopment in corporations is similarly ambiguous. Even each new case of design has some measure
of ambiguity. Consequently, special attention should be paid to ensuring high communication

bandwidth whenever the work lacks an established routine.
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CHAPTER 6

Common Ground

Two people have common ground when they share mutual knowledge, beliefs, and/or assumptions
and know that they share it. It’s not only the similarity but also the knowledge of what the other
knows that makes conversations easy. Clark (1996) is the standard reference on the details of com-
mon ground and how it plays a role in conversation. Clark and Brennan (1991) explicated these
ideas with respect to common communication media, and Monk (2009) has illustrated these ideas
with respect to a series of computer-mediated communication (CMC) technologies. We will return
to these latter points in Chapter 9 when we elaborate on the kinds of technologies that are used to
support distance collaborations.

One clear indication of common ground is that people have worked successfully in the past.
The experience alone gives them something in common and time to get to know what the other
person does and does not know, and time to learn things that the other did know and one did not.
The developers working on the SESS at Lucent had been working together for sometimes 20 years.
Not only did they have similar training before working on the switch, the long-term experience
was shared and they had time to know what everyone else knew. Often, when you have learned a
corporate culture, e.g., AT&T, by being employed there, one can spot the embodied AT&T culture
in people one hasn’t met before; in fact their nickname was “Bell Heads,” after the original company
name, Bell Telephone (Steinberg, 1996). Cummings and Kiesler (2008) found that successful dis-
tributed collaborations often had participants who had had prior successful collaborations among
themselves. Strikingly different culture has been the cause of unsuccessful mergers, like EDS and
GM (Borghese and Borgese, 2002).

Many distance collaborations, however, purposefully mix people from different disciplines
or backgrounds, in the hopes of generating innovation. In these cases, if people do not put extra
effort into establishing common ground, difficulties will ensue. In a software development team at
Andersen Consulting that we observed, it was clear after about an hour that there were different
assumed interpretations of the word, “system,” some meaning just the technology and others mean-
ing the technology and its users and organization. One organizational response to this was to have
“greenbeans,” or new hires, assigned to most teams, and encourage them to ask questions when they
didn’t understand something. This often led to clarifications that were helpful to all, including the
most experienced team members.’

Many collaborations have recognized the importance of establishing a common vocabulary.

For example, in the BIRN project that focused on the mouse brain at all different levels of gran-

? Other aspects of these teams are discussed in Olson & Olson (1991) and Olson & Olson (2000).
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ularity, the scientists discovered that they referred to the different parts of the brain with different
words. Without agreeing on terms, they could not cross reference their findings in their databases.
'They developed both a Rosetta Stone translation scheme and further allowed reference in the user
interface by pointing at a visualization of the area (Olson et al., 2008). Facing similar common
ground issues, the scientists in the Geosciences Network (GEON) spent considerable effort in devel-
oping an ontology; Lipid Metabolites and Pathways Strategy (LIPID MAPS) had to develop a lipid
classification system. Common ground goes beyond the words used; “When paleoecologists meet
with contemporary ecologists, those whose work concerns deposits in the fossil record gesture and
draw from bottom to top to signify the passage of time, while for contemporary ecologists, time
flows left to right.” (Hackett et al., 2008, p. 282.)

Distance without rich communication media also makes it difficult to share tacit knowledge.
Informal conversations that are held around some referent object are often not recorded or con-
veyed to remote people. One solution at a large global automobile company, who had engineers
in the U.S., France, and Germany, had rotators from each country serve in another country as the
eyes and ears for their home team members (Olson and Olson, 2000). However, it’s difficult or
unwise to communicate politically sensitive information over email, because email is a record that
is discoverable (Sonderegger, 2009).

When participants don’t have a common location, they often miss out on different local prac-
tices that affect work. The large global automobile company with team members in the U.S., France
and Germany often scheduled team meetings on what was Friday morning in the U.S. (headquar-
ters), Friday afternoon in France. This regular meeting was scheduled during time that in France
people normally did not work, having a 35-h rather than a 40-h workweek. Their participation was
understandably “short,” somewhat as it would be in the U.S. if people had to come on Saturdays.

On another occasion, with people meeting by videoconferencing from the London and
Chicago, the Chicagoans were significantly late. Because those in London had no common ground
about the weather conditions in Chicago, they were annoyed at the delay, to which they attributed
lazy personalities, rather than the massive blizzard that was actually delaying the Chicagoans.

Not only may the knowledge differ with people from different areas of expertise, but also the
working style. When work styles differ, people will generate less positive attributions of the others,
feeling less empathetic (Cramton 2001; Williams et al., 2007). We found in UARC that domain
scientists and computer scientists, building tools for the scientists, had very different working
styles. The computer scientists had a loose way of deciding the requirements of the system, more
like today’s Agile than the Waterfall Method. The space physicists and the user interface designers
expected a more planned approach with hierarchical management (Olson et al., 2008). Different
management styles also plagued GEON. Sonderegger (2009) noted that international projects may

falter because of training differences: research training in China and India is more hierarchical,
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more focused on implementation than on invention. Team members from the U.S. perceive them
to be less independent.

Cross-cultural communication is fraught with differing expectations of conversational and
collaboration behavior. We witnessed a three-way video conference between the U.S., France, and
Germany, a regular status meeting but held on the day when one respected French engineer was
retiring. The participants from the U.S., where “time is money,” signed off the call as soon as the last
agenda items were done. The Germans, who like other Europeans value and sustain relationships
with more effort, stayed on the call and gave the engineer a humorous tribute, a “roast.” The Ger-
mans and French were slightly taken aback at the Americans’ failure to honor the French engineer.

Management styles also differ in different cultures. In particular, whether people give oth-
ers negative feedback and how it is done differs remarkably between the U.S., Europe, and Asia.

Browning (1994) has coined the differences in his “hamburger style of management:”

“Managers start with the sweet talk—the top of the hamburger bun. Then the criticism is
slipped in—the meat. Finally, some encouraging words—the bottom of the bun. With the
Germans, all one gets is the meat. With the Japanese, all one gets is the buns; one has to
smell the meat.” (Browning, 1994)

On a more detailed level, conversational conventions differ in different countries. For exam-
ple, in face-to-face conversations, people from the U.S. pause for about 2 s, waiting for someone else
to take a turn. If nothing happens in 2 s they feel free to regain the floor. They fill up the silences. In
Japan, the normal pause is 8-10 seconds, time to give in-depth consideration for what was just said
(Pascale, 1978). So many conversations between U.S. and Japanese team members may be totally
dominated by the U.S. members with them thinking the Japanese have nothing to say, when the
Japanese team members consider the U.S. team members to be shallow and rude.

People from different cultures working together will adopt a common language, often En-
glish. This means that those for whom English is not their native language will be less fluid and
misunderstand colloquial American expressions, like “home run,” “baloney,” and “beats me.” It is
important to have rich video connections when people who are not speaking their native language
converse, both so gestures can help convey the meaning and for the speaker to see whether what
was said was understood from the listener’s facial expression (Veinott et al., 1999).

How decisions are made also differ remarkably in different cultures. In the U.S., we often
vote with the alternative with the most votes winning (a democratic process) and the discussion
has pros and cons in public discussion. In Japan, in contrast, decisions are made through consensus
building often privately one-on-one; the decision then is announced in public. The American cul-
ture of being blunt and outspoken, without concern for the feelings of the idea generator, clashes
with the culture of Japan where face saving is paramount (Pascale, 1978).

Cross-cultural collaborations can succeed, in spite of these difficulties. But team members

have to be trained to both behave and interpret actions appropriately. This training often comes
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from living in the other country for a long time and having a helpful “translator” for not only words
but also actions. In addition, there are online assessment and training tools, like Globesmart™ from
Aperian Global Learning, that will allow team members from different countries to assess their
values-profile and compare them with specific others on their team or with more generic data from
those from particular countries. Where there are known differences, there are particular training
modules on how to find a middle ground when confronted with mixed styles and values. Large or-
ganizations, like Google, have a corporate license for this tool and encourage those in cross-cultural
teams to use both the personal assessment and training portions, although tricky cultural issues can

come into play even when precautions are taken (Haines et al., 2013).
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CHAPTER 7

Collaboration Readiness

Collaboration readiness has to do with individual characteristics that help people succeed in col-
laboration, what motivates people to work together, whether they trust each other, how well their
goals are aligned, and how empowered they feel. In the corporate world, team members seldom get
to choose with whom they work. However, there are still occasions where the people in different
locations or in different departments are not fully cooperative, because of hidden incentives about
who gets the prestigious work and who is valued when resources are distributed. Collaboration is
even more complicated in the non-profit world, where typically the staff is employed, but they have
to work with a myriad of volunteers whose motivations wax and wane, and are largely out of the
staff’s immediate control. In all these venues, the characteristics of the individuals and the collab-

oration climate can determine success or failure.

7.1 CHARACTERISTICS OF THE INDIVIDUAL TEAM
MEMBERS

Some personalities work better in teams than others, regardless of distance or mixing disciplinary
backgrounds (McCrae and Costa, 2008). Of the “Big Five” personality characteristics (extrover-
sion, agreeableness, conscientiousness, emotional stability, and openness), extroversion is the one
that most determines group behavior. Extroversion is a tendency for a person to gravitate toward
other people. The others contribute to not only good work, but interpersonal trust among team
members (Forsyth, 2010). Other characteristics that individuals have that make them good team
members include self~-management, good communication skills, cultural sensitivity (especially in
cross-cultural teams), and comfort with technology and its changes (Blackburn et al., 2003). These
are especially important in distributed teams because it is harder for people to monitor others,
making the team member who is self directed and good at managing both their work and their
behavior more likely to be effective (Duarte and Snyder, 1999). For those in transdisciplinary teams,
having tolerance for uncertainties, flexibility, and being open to other perspectives turn out to be
key (Stokols et al., 2008).

Two other individual characteristics have been shown to influence the effectiveness of a team
are having good communication skills, and having members avoid dominating the conversations
(Stokols et al., 2008; Woolley et al., 2010). In addition, there are individual characteristics that
favor some individuals to being effective leaders in distance collaborations, which we’ll cover in the

chapter on Management.
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Others have investigated the concept of “collective intelligence,” the ability of a particular
collection of people to outperform what would be expected both from their average intelligence
or from the most intelligent in the group (Woolley et al., 2010). They found that the individual
characteristic most influencing this collective intelligence is having social sensitivity, being able to
read what’s going on in another’s thoughts through facial expressions and various actions. Often
the more women in a group, the higher the collective intelligence, primarily because women have

been found to have higher social sensitivity (Woolley et al., 2010).

7.2 THE CULTURE OF COLLABORATION OR COMPETITION

Although employees of corporations often do not have a choice with whom to work, they are not
all naturally collaborative. Many consulting firms, for example, are internally competitive; people
do not collaborate unless they are told to or unless they mutually need each others’skills, time, and
expertise (Chatman and Jehn, 1994).

In academics, disciplines vary in their competitiveness. AIDs collaboratories are competitive
because there is so much money and prestige associated with finding a cure. People in the Bio-
Defense Center did not share their data because of fear of being “scooped,” someone publishing
findings from their data before the originator could (Teasley et al., 2008). A researcher in marine
mammal behavior studies spoke of his data, “Well, honestly, I'm very protective about it...I guess it
rather bugs me that I have to do the work, and everyone always asks me for a CD...it’s our scien-
tific study,” (Meyer, 2009). In GEON, “Paleobotanists and metamorphic petrologists collect relative
small data sets at particular geographic sites. The intense personal involvement with the research
site and the data collection may lead to the unwillingness to contribute such data to a large anon-
ymous repository.” (Ribes and Bowker, 2008, p. 315).

In talking about U.K.-based eSocial Science, “The reality of individual competition over
discovery claims, grants, promotion and space in top-ranking journals is far removed from the
ideal of openness and sharing of data and other resources promoted by the e-science vision.”

(Halfpenny et al., 2009).

Collaboration is always going to be easier in a sharing, cooperative culture (Bos, 2008).

7.3 EXAMINATION OF THE EXPLICIT SOURCES OF
MOTIVATION

Examining the motivation people have for working together is important. Often the collaboration
puts together a set of people with different skills or expertise. The Great Lakes Center for AIDS
Research (GLCFAR) was one such collaboration that put together people with complementary
skills, especially between basic scientists and clinical researchers (Teasley et al., 2008). But these

collaborations are successful only if there is something in it for everyone (Grudin, 1994).
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On a number of occasions, domain scientists joined with computer scientists to develop
technology support for the domain. Unfortunately, the reward structure for academic computer
scientists relies on publications of new ideas fleshed out in a prototype, when what the domain sci-
entists need is production level code. Atkins and his blue ribbon committee about cyberinfrastruc-
ture said, “....balance must be struck between the concerns of technology developers (e.g., novelty
and uniqueness) and the concerns of user communities (e.g., reliability and usability).” (Atkins et
al., 2003) The UARC collaboratory suffered from this mismatch; the computer scientists wanted
to build prototypes of systems to illustrate new solutions, not thoroughly tested production code.
Often, human-computer interaction (HCI) researchers are asked to join in a collaboratory to both
design the user interfaces and evaluate the outcomes, neither of which are the bases for publishable
research. Recent Clinical Translational Science projects funded by the National Institutes of Health
are required to have an evaluator on the team, and instead of hiring a social scientist whose goal is
to publish, they often have hired a professional evaluator consultant to do the job.

GEON was fortunate to have had significant domain science and computer science problems
to solve in the area of modeling continental growth (Ribes and Bowker, 2008), making it reward-
ing for all. Recognizing this problem of misalignment of goals, BIRN hired professional software
developers instead of academic computer scientists on their teams to address this problem of align-
ment of goals. The software developers didn’t need to find publishable results; they were motivated
by their paychecks.

'The motivator that we have found to fail over and over in science is when the funder man-
dates collaboration (Olson et al., 2008). Often the only collaboration that takes place is in writing
the proposal. When the award is made, the people at the different institutions/locations divide the
money and work independently. If the funder requires collaboration and the teams are not naturally
collaborative, then to get collaboration one would have to write contracts stipulating it and the way
it is going to be measured (Shrum et al., 2001).

As mentioned in Chapter 2, in Community Data Base systems, a number of reward struc-
tures need to be put in place to motivate people to share their data (Bos, 2008). GenBank requires
genomic data to be entered into the database as a precondition for publishing. An especially inter-
esting experiment was attempted by the Al/iance for Cellular Signaling. They made an arrangement
with Nature, a highly prestigious journal, to have their editorial machine vet the “Molecule Pages,”
the standard format for the output of hard work by the scientists, but unlike actual publications.
Nature editors would then certify this review process when young professors came up for tenure
with these kinds of publications. While the Molecule Pages have been a central and successful part
of the project, the experiment with Nazure did not work. Molecule pages were hardly ever cited, and
citations played a large role in the evaluation of scientists doing the research.

Social connections also operate as motivators. The community of scientists in Zebrafish
Information Network (ZFIN) have common academic roots (Olson and Luo, 2007). Many of the
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key people who started ZFIN were trained by George Streisinger, who first studied zebrafish. Some
collaborations explicitly engage in group identity building, including having bowls of M&Ms at
each location, “Science at the Bar” social activities, signature drinks, among other things (Hackett

et al., 2008). Arguments of persuasion often invoke altruism and the common good.

74 TRUST

A key ingredient in collaboration readiness is being trustworthy and trusting in your teammates.
Greater trust, cohesion, and communication are correlated with increased productivity (Stipelman
et al., 2010). People often trust people they have things in common with (Feld, 1982; Kraut et
al., 1990) and engender trust by adhering to established norms (Bradner and Mark 2008) which,
of course, can be different at different locations. And, when team members not visible to others,
there’s a lot more they can get away with. Dispersed teams are known to often have lower trust and
greater interpersonal conflict (Jarvenpaa and Leidner, 1999; Hinds and Bailey, 2003; Hinds and
Mortensen, 2005). If trust is missing, people have to spend time setting up explicit milestones and
contracts about the timeliness and quality (Shrum et al., 2001).
There are three different general kinds of trust (Rousseau, Sitkin et al., 1998):

1. team mates will keep their promises, called “confident expectations;”
2. they will produce outputs with high quality; and

3. team mates will keep each other’s best interests in mind.

In distance collaborations, at the professional rather than persona level, “it’s hard to know
people’s qualifications” (Sonderegger, 2009), especially if the team members are from different
cultures. For example, in a high-energy physics collaboration between the U.S. and Japan, Global
Accelerator Network (GAN), we observed that instrument operators in the U.S. were required to
have a Ph.D. in physics, whereas in Japan they were not. Each party assumed the other was trained
the way they were, which turned out to be wrong. Trust was lost. We have also seen occasions when
in remote meetings, the key up-to-date budget documents were not distributed to all the locations,
yet decisions were being made about allocation of resources. It took years for the remote locations
to trust the core site again and only after explicit trust-building activities and acts to restore trust.

When collocated, trust is built by sharing personal histories, such as one’s background, train-
ing, and observed competence ( Jirotka et al., 2005) as well as some social things that lead to finding
things in common, the basis of trust (Bos et al., 2002). When collaborating at a long distance, less
can be observed, and there are fewer social exchanges, leading to lower measured trust (Herbsleb
et al. 2000). Trust is more easily built with video- and audio-conferencing to connect long distance

teammates than text chat and email (Bos et al., 2002). People are more comfortable working at a
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distance if they have met face-to-face (Rocco, 1998; Sonderegger, 2009), but even using chat for
social topics can help (Zheng et al., 2002).

Trust is developed differently in different cultures. In Asia, for example, there is trust for peo-
ple in one’s in-group, but not for people outside, whereas in the U.S. trust is assumed until evidence
shows someone not to be trustworthy. In Asia, trust is not assumed and must be earned by evidence

or recommendation from someone in one’s in-group (Cai and Hung, 2005; Yuki et al., 2005).

7.5 GROUP SELF-EFFICACY

Teams that feel empowered are more likely to succeed than one that does not, a concept called
“collective self efficacy” (Carroll et al., 2005), a concept very like that of “team emotional and social
intelligence” (Hughes and Terrell, 2012). Like personal self-efficacy (Bandura, 1977), the belief
that you can overcome obstacles, collective self efficacy is the belief that the team can overcome
obstacles, like a shortage of funding or unforeseen events. Such teams are more likely to find work-
arounds or additional resources rather than give up. A detailed look at this concept can be found
in Hall et al., (2008) including pointers to an assessment tool for new or prospective partners in

team science.
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CHAPTER 8

Organization and Management

The previous chapters covered the nature of the work and the characteristics of the individuals
who are collaborating, that it helps if they have common ground and are motivated to collaborate.
This chapter focuses mainly on the things having to do with the manager and what the manager
can do to ensure that the collaboration is successful. How the collaboration is organized and

managed is very important to its success (Cummings and Kiesler, 2005; Cummings and Kiesler,

2007; Kirkman et al., 2012).

8.1 THE PROJECT ORGANIZATION

Although much of today’s answer to flexibility is a flatter organizational hierarchy, it turns out
this works well only for collocated teams, where it is easier to communicate and share context and
tacit information. For distributed teams, work goes more smoothly with at least some hierarchical
authority and designated roles and responsibilities (Hinds and McGrath, 2006).

Some projects have people who are distributed unevenly, so that not all locations have the
same number of people. Some are “hub and spoke,” with a headquarters or central mass with
collaborators in many remote locations, each alone. Unfortunately, the fewer the people the more
likely the site is considered less powerful. Small sites also evoke the “out of sight, out of mind”
problem, where the isolates are unattended to, and their needs and progress invisible to others
(Koehne et al., 2012).

Power and attention is more evenly distributed if each location has a critical mass of peo-
ple. The more even distribution of people, however, presents its own challenges. O'Leary and
Mortensen (2010) found that when there is critical mass at a number of locations, the individuals
have a tendency to form “in-groups” and “out-groups,” with a tendency to disfavor and even dis-
parage the out-groups.

As mentioned earlier, multi-team organizations add additional complexity to the managing

of a project. Zaccaro et al. (2013) review these issues in detail.

8.2 THE PROJECT MANAGER

Having someone with project management experience, someone who leads the planning and
manages day-to-day activities, who knows how to manage risk, who intervenes in crises, who
represents the team vision to outsiders, etc., is critical to collaborations. This is well known in the

corporate world (Kirkman et al., 2012). In many scientific collaborations, however, researchers
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would rather allocate money to the conduct of the science rather than project management. But
after a number of failures, project management experience is being seen as more valuable in ac-
ademic research. For example, the Biomedical Informatics Research Network (BIRN) had each
of its original four major collaborations headed by a project manager in addition to the principal
scientist. The ultimate authorities in decision making were the principal investigators, but the
project managers ran the day-to-day operations. NIH’s Catalyzing Team Science workshop rec-
ommended that postdoctoral fellows serve as project managers, and that these skills be valued in
their career paths (Mazur and Boyko, 1981).

Unfortunately in the academic world, people are often involved in a large number of projects
simultaneously. Because federal grant money is increasingly difficult to get, people have been apply-
ing to more and more programs simultaneously. As a consequence, some principal investigators end
up with more projects than they can manage effectively. In these cases, someone has to be delegated
the authority to manage the activities or else the effort is doomed. Time and attention becomes the
most valuable, and scarce resource. Self-help books and seminars abound about time management.
More recently, people are recognizing that it’s not the time that needs to be managed, but the pre-
cursor, how people decide to commit to doing something. And, the fact that work includes activities
that are local and those that are remote presents an additional challenge. Research has shown that
when people have two equally important tasks to perform, one with people local and one with peo-
ple remote, the local one gets the time and attention (Bos et al., 2004; Fussell et al., 2004).

In the corporate world, new project proposals are often accompanied by a project plan which
includes how stakeholders will be communicated with, roles and responsibilities of team members,
the estimation and then monitoring of time and cost and quality assessments, as well as risk analy-
sis. In the academic world, management of a project is often much more casual, and often therefore
flawed. Project management skills are just beginning to be recognized as important for success. The
larger the collaboration, the more significant the management issue (Cummings and Kiesler, 2005).
Acknowledging this, some funding agencies (NSF, NIH, and the former NIGMS “glue grants”) ask

for management plans and roles and responsibilities in large grant proposals.

8.3 WHAT’S SPECIAL ABOUT MANAGING DISTRIBUTED
WORK?

“Leadership is the process of influencing others effectively, and the process of facilitating in-
dividual and collective efforts to accomplish a shared objective.” (Weisband, 2008). Leadership
is a challenge on most teams, but being distributed brings additional challenges. The biggest
challenges are that it is difficult to monitor team members work and it is harder to develop and
maintain trust (Tyran et al., 2003). “When working virtually, distance amplifies dysfunction”
(Davis and Bryant, 2003). When leading across space and often time, people use technology to

support awareness and communication. The leaner media, like the text of email, makes it harder
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to establish social presence: harder to convey attentiveness, warmth, and understanding, all the
things that establish and maintain trust. Extra effort is required to do things that collocation gives

us essentially for free (Kiesler and Cummings, 2002).

8.4 WHAT MANAGEMENT INCLUDES

Leadership consists of managing the tasks the team is to do and managing the relationships be-
tween the manager and the team and among the team members (Tyran et al., 2003). Leaders need
cognitive skills, interpersonal and relationship skills, and, especially in the world of distributed
work, tolerance for ambiguity (Bikson et al., 2008). Leaders build the team, establish the working

culture, plan, and intervene when necessary.
) )

8.4.1 PLANS

“Plans are nothing, planning is everything;” “Plans are of little importance, but planning is essential.”
These quotes from Dwight D. Eisenhower and Winston Churchill, respectively, reflect that with
changing circumstances, any particular plan itself will not hold. But the fact that people have done
the thinking to come up with a plan prepares them for the changes. Management and communi-
cation plans and the thinking that goes into them, therefore, are critical (Walther and Bunz, 2005).

'The management plan outlines roles, responsibilities, and the timing of the various phases of
the work. The communication plan records how people will communicate, when they will answer
email, for example, and when standing meetings occur. The more explicit the rules for communi-
cation, the more likely things will go smoothly. For example, saying that email will be read and
acknowledged within 5 h, not necessarily answered fully, but acknowledged, is an explicit rule that
often aids communication. One of the hardest situations to comprehend and interpret in remote
collaboration is the absence of a response (Kalman and Rafaeli, 2011).

Successful communication plans also include regular planned meetings often by video- or
audio-conferencing, along with face-to-face meetings in which significant communication as well
as trust building can occur. BIRN, like many other collaborations, holds annual “all hands” meet-
ings at which many working groups make progress on shared issues (e.g., institutional review board
coordination, forming standards for data collection and reporting). The more complex and interde-
pendent the collaboration, the more complex and frequent need be the communication (Maznevski
and Chudoba, 2000). In remote collaborations, it is especially difficult to convey tacit knowledge.
“We know more than we can tell” (Polanyi, 1961). Recognizing this, the ATLAS project has em-
phasized the importance of time in the same location, the CERN facility in Geneva. Much happens
over lunch. They reported “leading by persuasion and managing by coffee” (Birnholtz, 2008).
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8.42 DECISION MAKING

When decision making is opaque or has the appearance of favoring some over others, collabora-
tors lose trust, an essential ingredient in Collaboration Readiness, above. This is especially true in
distributed teams where some collaborators are invisible to the decision makers. Decision making
needs to be free of favoritism, and have fair and open criteria, something called “procedural justice”
(Kurland and Egan, 1999; LeFasto and Larson, 2001; Larson et al., 2002). It need not be a democ-
racy, but everyone needs to feel that his or her opinions are heard and considered.

'This is the view from the US. In other countries, however, the process of decision making un-
folds very differently, the difference itself being a source of tension and misunderstanding. In India

and Japan, for example, more people have to be involved in decision making, so “buy in” is acquired
before the decision is made public, rather than after, as in the U.S. (Katz, 2006; Hooker, 2012).

8.4.3 MANAGING ACROSS TIME ZONES AND CULTURES

More and more collaborations involve people in distant time zones. Two issues create additional
barriers in these situations: The further you go, the more likely you are to be faced with serious
cultural differences, and the more time zones crossed, the less likely that team members can have
a real-time conversation without inconveniencing at least one member (Tang et al., 2012). In the
Sonderegger (2009) interview study of international teams, time zone differences was the most
frequently cited problem. In working with people from India, those in the U.K. said, “We can only
really schedule calls at 8:30 pm which is 8 am for them. So it’s a bad time for us and a bad time
for them.” The rhythms of the days differ according to when the sites’ workdays overlap. We expe-
rienced several times in Europe where they commented that “the U.S. just woke up.” During this
overlap time, there was increased vigilance of email and the possibility of phone calls.

People in different countries have different holidays, so one is working when the other is
not. As a consequence, someone is unexpectedly unresponsive to email, and is therefore attributed
to willful avoidance rather than simply that they are home on holiday. People in the U.S. find it
difficult to understand all the Bank Holidays they find those in the U.K. have in May, in particular,
where those in the U.K. don’t fathom the U.S.’s Thanksgiving weekend (different from Canada’s)
nor the celebrations of Memorial Day, Labor Day, and especially Independence Day.

Cultural issues loom large as well. So many aspects of conversation, decision making, and
even thinking are different when you cross cultural boundaries (Nisbett, 2003). Pause structures in
conversation, who has permission to speak, how disagreement is conveyed, who must be included
in a decision, who can speak with whom, are all different in different cultures. Interestingly, people
interact with remote others differently depending on how far away they think they are, independent
of how far they really are (Bradner and Mark, 2002).

Training can be effective in helping people understand what others mean and how to be

better understood by those from other cultures. Aperian offers a number of training opportunities,
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and hosts an online resource called “GlobeSmart.”’® GlobeSmartTM includes an online assessment
of the user’s culture (assumptions, behaviors, interpretations of situations, and expected actions).
It then encourages one’s teammates to similarly be assessed for comparison, or allows comparison
with generic values from other cultures, e.g., with a standard Chinese or Indian professional. It
displays the differences on five dimensions, then leads the users through example video snippets
of people who differ on that dimension having a conversation where misinterpretations abound.
It follows with recommended steps to take to move towards a better understanding of the others’
values and ways to find a middle ground.

Technology creates interesting barriers to smooth communication across cultures. When one
travels and meets face-to-face, one accommodates to the home country; “When in Rome, do as the
Romans.” But often in technology-mediated communication like video-conferencing, people for-
get to accommodate, because they are talking from their own home culture. In video conferencing,
where is “Rome?”

Some of the work of collaborating is finding the right people to consult with or coordinate
with. Finding the people one has to coordinate with at other locations is easier if there is a desig-
nated point person at each location, the person who knows their collocated teammates well, and
can direct inquiries to the right person. Some corporations go so far as to have people from remote
locations rotate to the key locations so there is someone with loyalty to the remote team members

»

who can convey to them key tacit or undocumented information, serving as their “eyes and ears’
(Olson and Olson, 2000).

8.4.4 MANAGING LEGAL ISSUES

Team members’ home institutions bring in other obstacles, often legal ones (Stokols et al., 2003;
Stokols et al., 2005; Sonnenwald, 2007). Different institutions, like universities and companies, have
different expectations about intellectual property, for example, each trying to maximize their own
benefit from it. This issue became particularly fierce in collaboratories having to do with AIDS, with
the prospect of huge payoft from discovered vaccines or cures. Collaborations that have succeeded
have spent a great deal of time up front working out these issues; others progress for a while before
running into this major disagreement and ultimately failing.

Institutional review boards, which control the safety of human subjects and the data they
produce, interpret federal U.S. regulations differently. We have even found uneven cooperative
agreements with other branches within the same university system. Institutions in different coun-
tries have different regulations affecting collaborations in the domain of biology, in particular in
the transport of materials. China, for example, has strict restrictions on exporting blood samples
for AIDS research (Luo and Olson, 2008). Some institutions have stricter rules about privacy, es-

pecially in medical research. eDiaMoND failed because they were forbidden to share x-ray images

10 www.aperianglobal.com
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for breast cancer screening all within the U.K. (Piper and Vaver, 2010). Similar restrictions apply in
different countries to the transport of antiquities, the apportionment of liabilities, and policies for
informed consent. These legal issues are well described by David and Spence (2010). In addition,
there are ethical issues, for example, in putting data sources together that allow investigators to find

things that are normally deemed private (Dutton and Piper, 2010).

8.4.5 MANAGING FINANCIAL ISSUES

When people from different institutions collaborate, there may arise some surprising financial bar-
riers. Most often these issues concern sub-contracting and different modes of paying bills. This can
be especially daunting in projects that cross country boundaries. We experienced such a barrier in a
collaboratory that crossed the U.S. with the U.K. and South Africa. In South Africa, money has to
be in an account before anything can be spent, whereas in the U.S. expenditures are made and then
invoiced to the funder. This difference was a showstopper until the accountants at both institutions
found a solution by applying for a loan in South Africa to put the money into the account, and as

things were spent, the invoice was paid in the U.S., effectively paying off the loan.

8.4.6 MANAGING KNOWLEDGE

For some collaborations, the point of the work is to collect larger sets of data than would normally
be possible in one location. Function BIRN, for example, seeks to widen the collection area of early
and late onset patients with schizophrenia to participate in having their brains scanned while they
perform various tasks (Olson et al.. 2008). The National Ecological Observatory Network (NEON)
is installing ecological sensors across the continental U.S. to collect data for a planned 30-year
period to better understand climate change, land use change, and invasive species on the nation’s
resources and biodiversity (www.neoninc.org). For Google and Facebook, data are their business.
They are all very good at managing their knowledge. This in general is the phenomenon of “big data”
that is getting so much attention (Mayer-Schoenberger and Cukier, 2013).

Other types of collaborations are more casual about knowledge management, and that ca-
sualness often gets them into trouble. People have traditionally used email attachments and some-
times shared folders (e.g., Sharepoint) to manage their collaborative knowledge. How documents,
drafts, notes, meeting minutes are stored and accessed today is both increasingly easy and at the
same time confusing to people who don't plan this aspect of their collaboration explicitly. Google
Drive, DropBox, and Office 365 offer storage in the cloud, but because the sharing mechanisms
differ, people make mistakes, deleting documents that others need and changing organizations that
make it difficult for others to find things (Marshall and Tang. 2012; Voida et al.. 2013).

Additionally, collaborations that anticipate long tenure have to worry about digital archiving.
The challenge is how to migrate both the data and the computational systems as technology
changes. Who will be able to access President Obama’s email in 50 years? The Protein Data Bank

vww allitebooks.conl
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serves as a good example of successful migration: their work began in the era of punched cards, but

now has migrated to servers to hold its results of crystal structural analysis (Berman et al., 2004).

8.4.7 LAUNCHING A DISTRIBUTED PROJECT

Many of the projects we have studied benefitted from an initial face-to-face meeting of most or all
of the participants. This contributed to the development of trust, and allowed the participants to
tackle some of the early tightly coupled work that most projects face at the beginning. Such face-
to-face meetings can also be helpful if the project continues for multiple years. Annual “all hands

meetings” are a useful fixture of ongoing distributed projects.

8.5 SUMMARY

We have often been asked which of the various factors that contribute to successful long distance
work is the most important. While we have no quantitative measures (at least yet) of the relative
weights of the various factors, it is clear to us that good management is certainly one of the most
critical factors. Of course, a good manager or management plan takes into account the other factors
as well. But managing at a distance is very different than managing a collocated project, and it is

essential that it be done well.
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CHAPTER 9

Collaboration Technologies and

Their Use

Effective collaboration happens when the tools needed are available and used appropriately by the
collaborators. In this chapter, we first review the kinds of technologies that have been effective in
supporting distributed work, with different kinds of work benefiting from difterent constellations
of technologies. Our framework follows closely that of Sarma et al. (2010), listing technologies as
communication, coordination, and information repositories, adding significant aspects of the
computational environment (see Table 9.1). Although we may mention specific technologies, the
point is not to recommend a specific current technology, because they will quickly be replaced with
newer versions. Rather, we wish to emphasize the types of technology that are useful and why. This
is in part an attempt to explicate the potential components of technology readiness that can be a
source of success for long distance collaboration. Then we follow it with an analytic scheme to guide
people to choose the right constellation for the work they will be doing and two examples of how
different types of teams choose different constellations of technologies.
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Table 9.1: Classification of technologies to support distance work

Communication Tools

Email and Texting

Voice and Video Conferencing
Chatrooms, Forums, Blogs, and Wikis
Virtual Worlds

Coordination Tools

Shared Calendars

Awareness Tools

Meeting Support

Large Visual Displays
Workflow and Resource Scheduling

Information Repositories

Computational Infrastructure

System Architecture
The Network

Large Scale Computational Resources

Human Computation

9.1 KINDS OF COLLABORATION TECHNOLOGIES

9.1.1 COMMUNICATION TOOLS

Email and Texting

Email is ubiquitous. It has been characterized by many as the first successful collaboration tech-
nology (Sproull and Kiesler, 1991; Satzinger and Olfman, 1992; Grudin, 1994; Whittaker et al.,
2005). One of the cornerstones of its success is that today it is device or application independent;
and with attachments, it is a way to share almost anything the recipient can read. As happens with
other technologies, people use it for things other than the original intent. People use it for man-
aging time, reminding them of things to do, and keeping track of steps in a workflow (Mackay,
1989; Carley and Wendt, 1991; Whittaker and Sidner, 1996; Whittaker et al., 2005). Because it
was not designed for these purposes, it doesn't support these tasks very well, although gmail’s recent
attempt to glean “tasks” from email is a step in this direction. People develop ad hoc workarounds

(usually involving paper) to do things like keeping track of who has responded to a request sent to

many people. Special applications, like Doodle, were developed to coordinate various inputs from
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many people, e.g., in this case indications of when they are available to meet. eVite’s invitations are
tracked for responses, and initiators can send follow-up emails to those who have not yet responded.

Instant Messaging (IM), sharing primarily simple text messages with another person or
even a group, has made significant inroads into organizations. In some cases it has replaced the use
of email, phone, and even face-to-face (Muller et al., 2003; Cameron and Webster, 2005). There
is evidence that it is sometimes used for complex work discussions, not just simple back and forth
about mundane issues (Isaacs et al., 2002). It is also used effectively for quick questions, scheduling,
organizing social interactions, and keeping in touch with others (Nardi et al., 2000). A number
of visual interfaces to instant messaging have been explored. An early example was Chat Circles
(Donath and Viegas, 2002), where the amount of messaging associated with individuals was shown
graphically. Another example was Babble (Erickson et al., 2002). Figure 9.1 shows a screen shot
of Babble in action. Individuals are represented by colored dots, and the recency of their partici-
pation in a messaging stream is shown by how close to the center of the circle their dot is. Babble
evolved into an IBM system called Loops and later Lotus Connections. The advantage these kinds
of interfaces have for IM is that they give quick summaries of aspects of a conversation that would

otherwise require scrolling through the history of messages.

User list Social proxy Topic list

& Babble 1.07 for Tom@Minneapolis (snowfall@us bm.com) on k12-7.watson.ibm.com:7 /71 Root: C:... M[=] E3
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© [Amy & Elizabeth atthe 1 | EActive... j
@ [Brent in his ivory towi 2 Commons Area]

@ Dave and Archie at Ho GOAmusing Wendy
@ John in the office - JANNOUNCEMENTS
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© Mark [in the lab
[ ! Babble And Workflow
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Figure 9.1: Screen shot of Babble. From Erickson, et al: Social translucence: Designing social infra-
structures that make collective activity visible. Communications of the ACM - Supporting community
and building social capital, Volume 45, Issue 4: pages 40-44. Copyright © 2002, Association for Com-
puting Machinery, Inc. Reprinted by permission. DOI: 10.1145/505248.505270
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Texting on mobile phones has emerged as a significant communication medium. It is much more
common with younger users than with adults (see Figure 9.2). Texting can be a useful way to alert
someone about an event, inquire if it’s a good time to call, or share some small item of information.
However, it—along with mobile phone conversations—has evolved into a major safety hazard

when people do it while driving (Salvucci and Taatgen, 2011).

Based on cell phone users who text
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Source: Pew Research Center's Internet & American Life Project, April 29 - May 30, 2010 Tracking
Survey. N=2 252 adults 18 and older; n=1,917 based on cell phone users. The teen results are
based on data from June 26 - September 24, 2009 telephone survey, including cell phones, with
n=800 teens ages 12-17 and a parent or guardian; n=625 for teen cell phone users.

Figure 9.2: Relative frequency of texting on mobile phones in 2010.

Mobile communication devices have social downsides, however. When jobs require employ-
ees to be available for consultation all their waking hours, the line between private life and work
is blurred, often inducing stress and disconnects in one’s private life. Some recent experiments in
which employees are given “a night oft” with others on the team covering for them, shows that not
only did the employees enjoy the reduced stress and increased focus on the others in their private
lives, but that by having to “cover” for someone, the team had a much better overall sense of what
was going on (Mazmanian et al., 2005).

Except for the attachments (which can include elaborate drawings, figures and video clips),
all of these so far are text based, and even thin text in the abbreviated world of texting. It has long
been known that text does not easily convey emotion, and in fact can imply emotions that are not
intended (Sproull and Kiesler, 1991). For example, conventional wisdom these days dictates that
senders not use all capital letters unless they mean to shout. Emoticons emerged to help convey in-
tended tone, such as a smiley face indicating a joke or kidding."" Of course, when the conversational

partners know each other well and have a lot of common ground, these problems of interpretation

A few examples of lists of emoticons: www.cool-smileys.com, messenger.yahoo.com/features/emoticons/.
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of tone are mitigated. But text remains an impoverished medium compared to the tones and facial/

body expressions possible in voice and video.

Conferencing tools: Voice and Video.

There are a myriad of opportunities to communicate beyond text in today’s world, and many are
used heavily. The telephone trumps text in being able to convey tone and to have immediacy of
response. In fact, delays caused by technical interruptions of voice and video transmission are highly
disruptive to conversational flow because of the importance of pauses in turn taking (e.g., Johnstone
etal., 1995). With good connectivity such delays can be minimized, but it is still frequently the case
that delays are present when connectivity is slow or erratic.

Many people have telephones these days that have the capability to easily do multi-party
connections at least on a small scale. Organizations often provide services for larger scale audio
“bridges” for conference calls. Key to the smooth execution of these calls is whether the phones have
“tull duplex” or “half duplex” transmissions. Half duplex lines are capable of transmitting only one
direction at a time. Since natural conversations often include “backchannels,” the “uh huh,”“hmms,”
etc. that convey whether the recipient is agreeing, understanding, or not, when using a half duplex
line, these are silenced. As a consequence, often the speaker will speak longer than necessary, not
sure if the recipient has understood yet or not (Doherty-Sneedon et al., 1997). Additionally, con-
versational turn taking is often signaled by an utterance from the one who wants to take the turn
while the current speaker is speaking (Duncan, 1972). These are entirely cut out in a half duplex
line, creating awkward competitions for who will speak next.

Voice and video are far richer media than text. While tone of voice can add meaning to the
words said, facial expressions and body language add another layer. In large meetings, video helps
convey who is present without an explicit roll call,'* and by eye contact and expression, conveys who
is paying attention. But there is an emotional component as well: people will often say, “It is so
good to hear your voice.” Many report the extra “presence” someone has when they are connected
by video (Bradner and Mark, 2001). One cannot only see the people, but the situation or context
they are witnessing. For example, it is easier to understand the tone of a meeting where participants
seem to be eager to wrap it up when an increasingly heavy snowstorm is visible out the window.

'The richness of voice and video, however, can create barriers to people who are from different
cultures. The expected pause structures in conversation are different in the Western and Eastern
cultures, often creating miscues. Because Westerners are used to a shorter pause structure than
Easterners, they will dominate the conversation (Ulijn and Li, 1995). Easterners, expecting a longer
pause between utterances, pauses that convey respect, find the Westerners rude; Westerners inter-

pret Easterners’silence as their having nothing to say. Similarly, when video shows facial expressions

12 Although there can be problems if there are limited camera angles that don’t reveal everyone who is present.
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and eye contact information, because those features are interpreted differently in different cultures,
people again may make wrong attributions of interest and consent.

As various services like Skype, Google Hangout, and Microsoft Lync'’ become readily avail-
able, more and more people opt for this rich channel. Skype has become the embodiment of the
dreams of PicturePhone of the mid-20th century (Noll, 1992). High-end commercial video con-
ferencing has achieved high definition and is increasingly better synced with the audio stream, and
has good social ergonomics, but the installations remain expensive. Because the interfaces to these
systems have not begun to reach the standardization of the telephone, they require experienced
help in connecting, with the people often coordinating their connection through the more reliable
connection of chat or phone.

Merely connecting with video is insufficient to achieve the “presence” of good connections.
Eye contact and gaze awareness are key linguistic and social mediators of communication (Ken-
don, 1967; Argyle and Cook, 1976). In video, as in real life, people tend to focus on the face of the
person they are talking with, and attempt to make eye contact by looking at the eyes of the person.
Unfortunately, to appear to make eye contact requires the person to look not at the projected eyes
of the remote person but at the camera. Therefore, to convey eye contact, extra effort needs to be
expended to move the video of the remote person as close to the camera as possible; on many of
today’s big screen monitors with the camera on top, this translates to as high as possible. Without
this careful adjustment, the camera conveys a sideways glance or the top of a person’s head, which
are interpreted as disinterest (Grayson and Monk, 2003). A number of experimental systems have
been developed to provide eye contact (Acker and Levitt, 1987; Buxton, 1992; Ishii and Kobayashi,
1992; Okada et al., 1994; Vertegaal et al., 2003), but none of these are in widespread everyday use.

Another aspect of face-to-face communication that is being introduced to online tools is the
ability to show objects and refer to them. The popular, simple way to do this is to send all partic-
ipants slide decks and to direct the changing from one to the other by “next slide.” But there are
more sophisticated tools like GoToMeeting and Skype screen sharing that allow someone to share
their desktop or a particular window with others, allowing them to control what others are look-
ing at and being able to focus attention by using the mouse/pointer. In their study of distributed
designers of an airplane part, Bradner and Mark (2008) found that a shared integrated object view
called “3D-View” put individuals’ drawings together, each with their author’s name, so that they
could see if there were conflicts and who was responsible for the fix.

A number of these communication channels are accessible on mobile devices. Their mobility
has the advantages of being available from anywhere there is connectivity. But the downside of
connecting in public places is the loss of privacy. Indeed, in an ongoing war zone like Iraq, being

overheard in a conversation can be dangerous because the people nearby may be hostile. Many peo-

13 A successor to Microsoft Communicator.
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ple in such insecure environments resort to texting instead of voice connectivity explicitly because
text cannot be “overheard” (Mark and Semaan, 2008).

Chatrooms, Blogs, Forums, and Wikis

Longer conversations from larger numbers of people are usually accomplished through chatrooms,
blogs, forums and wikis. Although all have an expected response time longer than real-time con-
versations, the chatroom is often more immediate than the other three media. All can restrict who
can participate to a designated work group or group of friends, but many of them are public. Often
when the participants are designated, they converse using their own names; when it is public, the
participants are free to use their own names or a pseudonym or nom de plume. Forums create
discussions with entries and structured commentary, with anyone being able to start a conversation
thread. In a blog, on the other hand, the focus is more on one person posting the material, with the
expectation of and frequency of commentary much lower. This control difference creates different
flavors of conversations, with the blogs covering topics that are in the blog owner’s control and the
forums often following the topical whims of the myriad of posters. Blogs with wide audiences often
provide commentary on events of interest. For example, blogs played a major role in the 2004 U.S.
Presidential campaign (Nardi et al., 2004; Adamic and Glance, 2005).

Wikis similarly are free-for-all conversations, but are even less structured in formatting.
Forums are typically set up for discussion threads, whereas wikis can take any form whatsoever. Al-
though their features afford typical structures, their features can be used in other creative ways. For
example, wikis can be set up as structured forums or as shared documents similar to Google Docs.
Grudin and Poole (2010) did a systematic study of the use of wikis in the workplace, and found that
while management was often disappointed that they did not become generally useful repositories of
corporate knowledge, they often were useful to support communication within and between teams.
They found that wikis worked best with newly established groups, and with short-term activities.

Twitter is an example of what has come to be called a micro-blog, where the author posts
contributions less than 140 characters, called “tweets.” Others “follow” the tweets of individuals or
organizations, being notified when the person/organization of interest adds something new. Tweets
can be grouped by the use of hashtags, a “#” followed by a word or phrase. Twitter Lists can be used
to create groups of tweeters that one would like to follow. It has become widely used, with roughly
half a billion users in 2012. Various events have been organized, such as a Twitter Town Hall with
Barack Obama in July 2011 that reportedly drew over 110,000 #AskObama tweets.*

Twitter has been used in a variety of ways. Jansen et al. (2009) looked at how tweets served as
an electronic word of mouth, to share consumer opinions about various brands and products. Hu et
al. (2012) looked at how Twitter was used to quickly disseminate news of current events, focusing
on the death of Osama Bin Laden. Ross et al. (2010) studied the use of Twitter as a backchan-

4 http://www.whitehouse.gov/photos-and-video/video/2011/07/08/impressions-white-house-twitter-townhall
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nel during academic conferences, interestingly, focusing on humanists. Archambault and Grudin
(2012) tracked the use of social media over a four-year period at Microsoft, and found that the
use of Twitter grew rapidly at first, but then plateaued. But a series of studies shows that Twitter is
common in the workplace (Zhao and Rosson, 2009; Ehrlich and Shami, 2010; Zhang et al., 2010).

An interesting article by Golbeck et al. (2010) looked at how members of the U.S. Congress
were using Twitter. The did a content analysis of a sample of roughly 5000 tweets, and found that
most of them (53%) were sharing information, such as points of view, and links to things like news
sources, their own websites or blogs. Another 27% reported on their activities or their current lo-
cation. A much smaller number (7%) were used to communicate with constituents. They looked at
the stability of these proportions by taking smaller samples over time, and found the distributions
were quite similar. They also looked at a small random sample of tweets by members of the U.K.
Parliament, and found very similar distributions. Their conclusion was that Twitter was mostly
being used by members of Congress for “self-promotion.”

'The content of tweets have been examined to figure out attitudes and beliefs. For example,
Golbeck and Hansen (2011) looked at the political preferences of Twitter followers of a variety
of news outlets. Marshall and Shipman (2011) used Mechanical Turk (see more below) to survey
Twitter users about their attitudes toward a variety of actions regarding tweets, including archiving
them, reusing them, and deleting them. Users reported frequently saving tweets of interest, but were
more reluctant to republish them and still more reluctant to delete them.

Finally, Twitter has also been an important social medium in the rapid response by the
public to disasters. In studies of what has come to be known as “crisis informatics,” investigators
have studied a wide range of natural disasters and the use of Twitter as an effective way to share
timely information. Vieweg et al. (2010) looked at the use of Twitter in two natural disasters, the
Oklahoma grass fires of April 2009 and the Red River floods of March and April 2009. Starbird
and Palen (2011) looked at the use of Twitter following the 2010 Haiti earthquake. Huge amounts
of useful information were shared in the ensuing tweets, and indeed these were often more up-to-
date and accurate than the information in the hands of first responders. One possibility would be
to develop data mining tools that could use tweets to extract information that would be valuable
to first responders.

Facebook is a forum where, unlike Twitter, people don't just follow people they choose (like
a celebrity), but have to establish a mutual agreement to be “friends.” Facebook’s trademark is to
be yourself; in Twitter and other chatrooms, people often take the name and role of someone else.
Sherry Turkle, author of Life on the Screen and Alone Together, reports being disturbed when she
found a contributor to an early chatroom named “Dr. Sherry” (Turkle, 1995).

The fact that these discussion technologies are new has created confusion in some collabo-

rative circles. For example, collaboration at IBM is supported by a toolkit called “Communities,”

which provides users (collaborators) with a set of tools they can drag into their designated collabo-
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rative space.”” Whittaker (2011, personal communication) found that because the different features
of the tools were not well understood, people spent an inordinate amount of time discussing the
rules and expectations about how they were going to use them. Furthermore, when they were in
use, again they spent a great deal of time arguing about things like whether a topic belonged in
their forum or in the blog.

Finally, some of the public contribution systems have special features making them appropri-
ate for particular purposes. At Google, every Friday the founders, Larry Page and Serge Brin, hold
an open question and answer session called TGIF. To encourage the widest participation and use
the time to answer the questions of most interest, they set up a system (“Dory”) in which Googlers
could submit questions to a pool and then many Googlers could vote thumbs up or down whether
this was of interest to them personally. At the TGIF session, Larry and Serge would answer the
questions voted most popular. This same system, renamed “Moderator,” was then exported to the
Obama campaign by a former Googler (Levy, 2011). The Obama campaign solicited open questions
from people to answer during a public online forum. Ninety-thousand people submitted questions,
and 3.6 million votes were cast on those questions. This system of open submission of questions and

wide voting of which ones were of interest broadly is an important vehicle for an open democracy.

Virtual Worlds

Virtual worlds are graphical, 3-D representations of physical spaces, and have drawn considerable
attention from both industry and academia (Bainbridge, 2007). They allow a person to experience
a realistic environment, usually through an avatar. They can explore the space, manipulate objects,
and, when networked together, can interact with other people’s avatars. Such simulations of real
worlds have been in common use for training in the military for a long time (Miller et al., 1995;
Johnson and Valente, 2009). More recently, they have been widely available through such popu-

lar environments such as Second Life.'®

There is also now an open source virtual world platform
called Open Simulator.”” And multiplayer games such as World of Warcraft'® have allowed for a
wide range of playful interactions, though Brown and Thomas (2006) speculated that real leader-
ship skills might be learned in a game like this that involves extensive quests involving substantial
numbers of players. Virtual worlds have been used for a variety of real-world application domains,
including health care (Boulos et al., 2007), scientific research (Djorgovski et al., 2010), software
engineering (Koehne and Redmiles, 2012), and education (Wankel and Hinrichs, 2011). A particu-
larly interesting case is what has come to be called “mixed reality,” where the real and virtual worlds
are combined in interesting ways (Ohta and Tamura, 1999; Herbsleb et al., 2000).

15 This system emerged from an earlier one called Dogear, that got a lot of attention in the CSCW world (Millen
et al., 2006).
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9.1.2 COORDINATIONTOOLS

A class of technologies exists to support collaborators in finding a time to work synchronously, and
a second set of technologies to support the coordination during the time together. Calendars and
awareness mechanisms are in the first set; formal and informal meeting support tools fall in the
second set. Workflow systems coordinate asynchronous work across different players, and compli-

cated systems support the scheduling of shared high-end equipment.

Shared Calendars

Although the original introduction of group calendars was met with resistance, many organizations
have seen value in their use (Grudin, 1994; Grudin and Palen, 1995). Calendars support the coor-
dination of meetings, finding a time when the important participants are available. Resistance was
fueled by those who hold an unfavorable view of the value of meetings themselves, not wanting to
make the perceived time-wasting activity easier to schedule (Grudin, 1994). Others feared loss of
privacy, with others making inferences about their performance by the kind and frequency of the
meetings on their public calendars. However, with the advent of the feature of keeping the type of
activity private (indicating only “busy”), and the ability to designate who can see and/or write on
one’s calendar, adoption has grown (Grudin and Palen, 1995; Mosier and Tammaro, 1997; Palen
and Grudin, 2002).

Calendars are also used as a tool to display and/or read availability. When colleagues do not
respond to requests in their usual timely way, one can view their calendar to discover that they are
out of town or in a meeting. The information also allows one to plan when to contact a person
(e.g., an “ambush” after a meeting in order to get a signature). And of course this can be particularly
valuable for geographically dispersed colleagues, reminding people of where the workday overlaps

and where not.

Awareness Tools

The topic of “awareness” has received a lot of attention in CSCW, and it is indeed a complex and
rich topic (Schmidt, 2002). When people are collocated, there are a number of ways they learn
whether others are available. In real life, open doors allow assessment of activity; noting that a
colleague is not in the office but that their briefcase and coat are still there suggests the promise
of return. Bumping into colleagues in the hall allows brief exchange of information. All of this is
available without the explicit intention or actions of the people involved. When people are remote,
these cues are missing and making cues available takes effort.

Early prototype awareness tools, such as Portholes, which gave colleagues a 5 s glance into

a colleague’s office, were resisted because of what was seen as an invasion of privacy (Dourish and

Bly, 1992). More recently, awareness information is conveyed in the status indicators of Instant
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Messaging (IM) systems. With IM, the user has control over what status indicator to convey to
others, but it comes at the cost of remembering to set it and actually setting it. The cost of receiving
the status setting, however, is very low. Many IM clients list the person’s chosen buddies who agree
to be monitored, and their status is typically listed in iconic form on the edge of the screen. Some
researchers have built prototype systems that do not require explicit action on the part of the user,
but rather send a message that is inferred from a number of sensor inputs, like the activity on the
screen, the telephone off hook, the chair occupied or not, the door open or not, plus input of regular
activities on the calendar (Gutwin and Greenberg, 1999; Horvitz and Apacible, 2003). Such aware-
ness systems, however, are costly (in time and money) to install, so have not been widely adopted.

The systems described so far are those that indicate the user’s current state, from which one
can infer their interruptibility, but not often exactly what they are working on. In the domain of
software engineering, where coordination of detailed efforts is of primary importance but the work
nearly invisible, developers have created and widely adopted various system to “check out and check
in” portions of the code they are working on. For example, Assembla” is a collection of tools to track
open issues and who is working on them, plus a code repository where code is assigned to a person
to work on, the time during which others are locked from editing. These kinds of coordination tools
are powerful, but not widely adapted to domains other than software engineering.

A more general system that notes what people are working on in a shared document appears
in Google Docs. The names of others who are currently editing the document are shown at the top
of the document, their cursors with their names in a flag shown where they are working now, and
their listing of past revisions, a listing of who did what (with authors” contributions highlighted
in different colors) indicate what has been changed. These various indicators provide awareness of
who is doing what, and who did what if more than one person is working on the document either

at the same time or asynchronously.

Meeting Support

Coordination support for meetings, whether they are face-to-face or remote, comes in two flavors:
formal and informal. The 1990s saw a lot of effort in Group Decision Support Systems (GDSS),
where participants were led by a meeting facilitator through a number of computer-based activities
to generate ideas, evaluate them in a variety of ways, do stakeholder analysis, prioritize alternatives,
etc. (Nunamaker et al., 1991; Nunamaker et al., 1996/97). The clear wins in meetings supported
in this way were that people could simultaneously generate their ideas and opinions anonymously
without fear of negative evaluation, a technique good for eliciting more ideas. The downside,
however, was that those with normal power and influence were unable to wield this power when
things were anonymous. Although the decisions that arose from using these tools were measurably
better, people did not like the experience (Kraemer and Pinsonneault, 1990; McLeod, 1992). Today,

9 https://www.assembla.com/home
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commercial products, like YnSyte, exist that embody these tools, and, although they are not widely
adopted, they have been embraced by some organizations, like the military, where a large number
of disparate stakeholders are involved and the algorithmic nature of the decision making process is
naturally welcomed.

At the other end of the spectrum are informal meeting support tools, typically taking the
form of a simple projected interactive medium, such as a Word outline or a Google Doc. The out-
line lists the agenda items as the highest level in the outline; during the meeting a scribe takes notes
that everyone can view and implicitly vet. As agenda items are completed, the outline format allows
the item to be collapsed, implicitly giving a visual sense of progress. Those applications that allow
multiple people to author the shared document, like Google Apps, are even more powerful in these
settings. When there is a single scribe, that person typically is so busy that they are barred from con-
tributing to the conversation. When there are multiple authors “live,” when one scribe talks, others
can take over seamlessly to enter notes on what they are saying. Additionally, these note taking
tools have been used very effectively in teams that have people for whom English is not their native
language. The real-time visible note-taking is akin to “closed captioning” of the distributed meeting.

Large Visual Displays

A third type of coordination support is a combination of awareness (typically of a situation rather
than people and their work) and rich information visualization. Large complex displays that allow
monitoring of a complex device like a nuclear power plant or the nationwide communication net-

work, serve both as shared information and sources of awareness (see Figure 9.3).

Figure 9.3: Large visual display for the Fermi Nuclear plant. Alexander Cohn, Times. File Photo.

A similar sort of display is used in large science. For example, scientists involved in monitor-

ing the upper atmosphere, noting the trace of activity from sun storms and the concomitant distur-
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bances in the upper atmosphere, first created a coordinated view of their sensing instruments. Over
time, they co-developed an integrated rendition of what was actually happening, a view of the earth
from above, side-by-side with what the theories said should be happening. This visual juxtaposition
of theory and data allowed the rapid discovery of both conformance and dis-confirmations of data
with theory, speeding the science (see Figure 9.4).

While the commercial world continues to produce larger and larger high-resolution displays
at lower and lower costs, for some very specialized purposes wall-sized displays have been created by
tiling together large numbers of displays. The Hiperwall, developed at the University of California,
Irvine, and subsequently spun oft as a commercial wall-size display, is a good example. See Figure

9.5 for an example.
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Figure 9.5: The Hiperwall.
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Workflow and Resource Scheduling

A number of routine tasks that require input/approval from a number of people benefit from a
structured digital workflow system. For example, the process of applying for a job involves a num-
ber of people: the candidate, the people who send recommendation support, the evaluators, and a
manager who orchestrates the final decision, which is then communicated to the candidate, and
when successful, the human resources department. A number of efficient online systems handle
just this type of flow. A very successful workflow system supports the National Science Foundation
grant submission, review, discussion, and decision-making process, notifying the appropriate players
in the process at the appropriate time, giving them the tools and information they need, recording
their actions, and sending the process on to the next in line. Although the rigidity of these system
can sometimes prevent their adoption, a number of such systems have succeeded (Grinter, 2000).
In some research endeavors, especially in the hard sciences where the expense of a large
piece of equipment necessitates researchers sharing it, systems have been put in place to schedule
time on the equipment. Some clever systems have been created with the joint goals of being fair to
those requesting time and to maximize the use of the equipment. Bidding mechanisms have been
explored to optimize various aspects of the complicated allocation problem (Takeuchi et al., 2010).
Various kinds of auctions have been tested to both create an equitable distribution of time and to

prevent people from “gaming” the system (Chen and Sonmez, 2006).

9.1.3 INFORMATION REPOSITORIES
When people are collaborating, shared information needs to be organized and managed. The
model of informally collaborating by sending people edited documents as attachments is common
but fraught with challenges. All kinds of issues of version control and meshing of changes loom.
A better solution is to have a place where the single document resides, a shared file, with all the
authors having access. Many universities and large corporations provide such service as a matter of
course; others do not. CTools, originally built as a learning management system headquartered at
the University of Michigan, was found to be additionally useful as a project based shared file system.
Administrators could assign read/write permissions to people for various documents and folders.
In some cases, changes were made directly to the documents; in other cases, the collaborators made
heavy use of version control, at the minimum through elaborate files names on copies.
Recognizing this difficulty, some large software solutions were generated. Microsoft, for ex-
ample, offers Sharepoint, an integrated set of tools selected for use in a particular collaboration. It
includes collections of websites, collaboration tools, information management (including tagging
documents for permissions, types, and automatic content sorting). It also allows search over all
the contents.

A more recent foray into shared editing and file management, but with a more fluid form, is

Google Apps and Drive. The applications within Google Apps (documents, presentations, spread-
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sheets, forms, and drawings) each can be shared with others or placed into a folder, called a “collec-
tion,” which can be shared. Each user of the document can put it in a folder of their choosing for
their own view, allowing them to embody their own organization; they can additionally set whether
the document, once put in a folder, disappears from view from the overview flat list. This myriad
of features gives the users a lot of flexibility, but without vetted “best practices,” many are doing it
badly. And people are still confused by the “cloud” (Voida et al., 2013)

Those who share data rather than documents have an additional set of challenges. If data are
being collected by a set of people, they have to agree, at the outset, what constitutes good quality
data. Many scientific collaboratories have goals that include sharing data across sites. For example,
in an early Biomedical Informatics Research Network (BIRN), they believed that progress on
understanding schizophrenia would benefit from having a larger sample size of MRI images of
patients, both with and without schizophrenia, doing various cognitive tasks while being imaged.
A great deal of effort was spent in ensuring that the tasks that the patients performed were stan-
dardized, and that the various imaging machines were calibrated. In other scientific collaboratories,
great care was given to developing a shared ontology of medical terms so that patient data could
be aggregated from different locations and from different medical specialties, each of which had
their own vocabularies (Olson et al., 2008). In the corporate world, global companies have similar
problems in aggregating sales information because the accounting practices and codes differ from
country to country. In one scientific collaboration, the scientists from different domains had very
different names for the parts of the mouse brain, the model organism of interest. Instead of building
a “Rosetta Stone” that translated one set of vocabulary items into another, they built an interface
that represented the brain visually, allowing the scientist to merely point at the area of the brain of
interest, without having to know any particular vocabulary (Olson et al., 2008).

In some areas of science and corporate research, key to the recording and vetting of infor-
mation is the laboratory notebook. In many domains, the researcher keeps a personal record of
their activities each day, including tests they ran, information they gathered, and things they no-
ticed. It was important to sign and date each entry to record important discoveries, often feeding
into patent applications. In some large scientific collaborations, they noted the value of being able
to store and share these notebooks. They built an electronic notebook. One developed at the Pacific
Northwest National Labs, the Electronic Laboratory Notebook (ELN) was so well designed that
it was used heavily throughout the labs, and adopted by other collaboratories even in different
domains (Myers, 2008).

An entirely different kind of information is also being stored for reuse. Some people find
value in replaying certain events that unfold over time. Sometimes these are key meetings where
decisions were made whose criteria need to be reviewed; in other cases, they are scientific events

that may be understood differently under replay. And, increasingly, classes are being recorded for use
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by the current students studying for exams, and more widely in allowing students even from other
universities or not even enrolled in any universities to hear lectures.

A more distant type of collaboration occurs when the people who are helping each other do
not contact each other directly, but contribute their opinions and resources to a common repository.
People ask for help on various sites where experts often contribute, like Stack Overflow” for pro-
gramming questions. Early research prototypes, like AnswerGarden, attempted to answer people’s
frequently asked question on a topic sometimes without human intervention, once a “garden” of
human generated answers was collected (Ackerman and Malone, 1990).

More recently, some services, like MovieLens and Amazon, use the large cache of people’s
preferences to recommend movies, books or products to others who have shown similar preferences.
From experimenting with a variety of algorithms and presentation styles, research has found that
recommendations are acted upon more often if explanations of why items were recommended are
offered (Herlocker et al., 2000). Similarly, research showed that people are more likely to contribute
ratings to such systems if they think their contributions are unique (Ren et al., 2007).

9.1.4 COMPUTATIONAL INFRASTRUCTURE

System Architecture

Many scientific collaborations have no choice as to how to architect their systems. The large-scale
computation is either local or on a private grid of secure machines, and the data, often large, are
stored on their own massive servers. Corporations similarly have architected their systems to be
privately owned and operated, often sitting behind firewalls for security. There are challenges that
organizations with firewalls face when attempting to interact with those outside the firewalls.
While some kinds of Internet-based communication tools like Skype or Google Hangout can
be used, more specialized tools like advanced video conferencing require special arrangements,
such as working with a third party like Global Crossing® to bypass the firewall while keeping
everything secure.

Today the general public has a choice whether to purchase applications for installation on
their machines or to opt for computing and storage “in the cloud.” If one chooses to work in the
cloud, connectivity is important if collaborative access in real-time is required. Many cloud-based
applications offer some level of off-line activity, though then the availability of up-to-date version
control is lost. A more serious concern for some is security. We have encountered resistance to

cloud computing from the medical world, military contractors, police and fire departments, certain

20 stackoverflow.com

1 In October 2011 Global Crossing was acquired by Level 3 Communications. More information is at www.
globalcrossing.com.
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government agencies, and others who are sensitive to information loss. While advocates of cloud
computing often rebut such concerns, they nonetheless exist.

One interesting consequence of these different architectures is that each architectural choice
creates its own behavioral consequences. When the applications and documents are on private ma-
chines, the mode of collaboration is hand-off, serial revision: documents are revised with “tracking
changes” on and sent to the author-editor, who in turn can choose to accept each or not. The power
resides in whoever the collective has made editor. In contrast, where the document and application
resides “in the cloud,” there is an implied place where those designated as editors can go to make
changes. In this model, each edit appears as if accepted; the document is changed. Others can view
the revision history and undo the changes, but at least at present a reversion to an earlier version
undoes all changes, not just one at a time. Neither model in its current form is ideal.

These are two entirely different modes of collaborating in terms of workflow. Often, col-
laborators tacitly make the decision about who has the power to make changes, who can merely
comment, and who has the final say in accepting the changes proposed. The existence of these two
models present additional challenges to the users who are involved in collaborations of both kinds.
‘They have to remember where something is stored, how to find it, and who has the power to decide

on edits in each case, a situation we call “thunder in the cloud” (Voida et al., 2013).

The Network

Underlying all collaboration technologies is the network. Simply put, the bandwidth has to be
sufficient for the kind of work to be done. Most of the developed world has adequate bandwidth
for ordinary tasks, including video. Specialized needs that require large amounts of bandwidth will
require specialized network infrastructure. Many of the large scientific projects have had to build
high performance networks to handle the volume of data that comes from their instruments as
well as specialized computing to garner enough resources to do the computation on that mass of
data. For example, the ATLAS detector at CERN produces 23 petabytes® of raw data per second.
'This enormous data flow is reduced by a series of software routines that ends up storing about 100
megabytes of data per second, which yields about a petabyte of data each year. It requires special
infrastructure to deal with data flows like this.

In developing countries, local telecommunication companies’ facilities, policies and pricing
can be quite limiting even for the basic level of communication. For example, technical support
for an HIV/AIDS collaboratory that connected scientists from the UK., U.S., and South Africa
pushed for the use of videoconferencing, following the prescription for the richest media for com-
munication across cultures (Bietz et al., 2008). However, the telecommunications infrastructure in
South Africa at the time was inadequate for the requirements for videoconferencing or even for

normal voice over IP (VoIP). Fortunately, a technology called Centra Symposium© was available

2A petabyte is 10" bytes. 10° = kilobyte, 10° = megabyte, 10° = gigabyte, 10' = terabyte.
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that worked well with low bandwidth networks. Researchers were able to share visual materials such
as Powerpoint presentations, and could use voice communication by means of technology that in-
telligently grouped the voice to take advantage of the natural pause structure of speech. As a result,
the voice was intelligible, though the cost was a delay, on the order of 3-4 s between the U.S. and
Europe and South Africa. A floor control mechanism allowed a speaker to hold the floor. Others
could request the floor and a microphone icon could be clicked to pass the floor to another person.
While it was a bit awkward, users soon acclimated to it, and successful voice conferencing over the
Internet took place. There was also a text channel that allowed backchannel communication, the
submission of questions, and troubleshooting. See Bietz et al. (2008) for details.

Network capacity is one of the more rapidly developing infrastructures. Indeed, the avail-
ability of high-speed wireless networks has enabled the enormous growth in mobile technology
that plays a central role in today’s long distance collaborations. It is possible to video conference
from mobile phones and tablets, exchange photos and other rich media, and access material from

databases anywhere.

Large-Scale Computational Resources

In many areas of endeavor, such as advanced scientific research or data mining in business, large-
scale computational resources are needed. Certain high-end centers, such as the National Center
for Atmospheric Research (NCAR), in Boulder, Colorado, have traditionally developed their
advanced computational resources in-house. Similarly, computationally intensive businesses such
as Google and Amazon have their own internal resources. But organizations such as the National
Science Foundation (NSF), realizing that there is a need for advanced computing in many areas
they serve, have built infrastructures to support advanced computation. The historically important
supercomputer centers are one manifestation of this. Not only have high-end computational re-
sources been developed, but associated high-speed networking to support access to these facilities
have emerged as well. A particularly noteworthy example of advanced infrastructure to support
such needs is the Grid, as sophisticated computational infrastructure that is widely used (Foster and
Kesselman, 2004). A more recent example is the NanoHub,* a special computational infrastructure

for nanoscience and nanotechnology.

Human Computation

There is also a tradition of using human capabilities aggregated over large numbers to achieve
important computational outcomes. One of the earliest examples of socially organized human
computation concerned the calculation of the return of Halley’s comet, carried out by three people

in 1757 (Grier, 2005). From the 18th century on there are numerous examples of collective human

2 nanoHUB.org
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computation in a variety of domains, as described in Grier’s (2005) fascinating volume. These efforts
ranged over many areas of scientific, mathematical, and statistical topics. Throughout the 1930s
and 1940s many teams of men and women calculated tables of numbers of value to the military.
Of course, after World War II many of these calculations were taken over by electronic computers.

However, this phenomenon has experienced a recent renaissance under the rubrics of crowd-
sourcing (Howe, 2008; Doan et al., 2011), collective intelligence (Malone et al., 2010), the wisdom
of crowds (Surowiecki, 2005), and citizen science (Bonney et al., 2009; Hand, 2010). The core idea
is that in many interesting domains gathering together the small inputs of a large number of indi-
viduals (“micro tasks”) can lead to results that can be as high in quality as judgments by experts and
done in a fraction of the time. We covered a number of examples in Section 2.4.

A specialized resource that has emerged is offering micro-payments for little bits of work.
Amazon’s Mechanical Turk is probably the best known example of this, but it is hardly the only
one. A variety of clever things have been done with Mechanical Turk. For example, Kittur et al.
(2008) proposed using Mechanical Turk to do user studies, and provided some positive examples.

Heer and Bostock (2010) used it to assess visualization designs.

9.2 DECIDING WHAT CONSTELLATION OF TECHNOLOGIES
A PARTICULAR COLLABORATION NEEDS

As detailed in the previous section, collaborations typically need technologies to support commu-
nication and the sharing of the objects about which conversation takes place. Technologies are
needed to coordinate the conversations, both to find times to converse and to coordinate around
the objects. The objects, information and/or data, need to be managed: collected to exacting stan-
dards, managed, and made accessible.

Which technologies are chosen for a collaboration can have an impact on the success of the
collaboration. In listing the technologies, above, we noted a number of features that affect how
they are used, with choices at almost every juncture. In this section, we organize the discussion by
teatures of the technology, highlighting the choices available that impact behavior.

A number of behavioral analyses of collaboration technologies have been offered in the lit-
erature. Olson and Olson (2000) listed a set of characteristics that themselves built on the scheme
introduced by Clark and Brennan (1991), noting how well various technologies reproduce the “gold
standard” of face-to-face interactions. Some time ago, Hollan and Stornetta (1992) pointed out that
technology makes possible many things that cannot be done in the usual face-to-face encounter.
For example, in face-to-face interactions, it is mostly impossible to be anonymous. As another ex-
ample, in text-based systems, it is possible to review what you've written before sending it, whereas
in real-time voice conversation it is not. What we offer here is a scheme that combines important

teatures of technologies to support collaboration, whether the goal is to achieve the richness of real

time face-to-face or to go beyond.
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In short, the features that are important include:

* speed of response;

* size of the message/data or how much computation is required;
* security;

* privacy;

* accessibility;

* various kinds of control;

* richness of what is transmitted;

* ease of use;

* context information;

* cost; and

* compatibility with other things used.

9.2.1 SPEED

Conversation is directly affected by the speed of transmission. In face-to-face conversation, the
utterances’ speed and the structure of the pauses are well understood signals in the conversation
flow. Bandwidth and other network characteristics can disrupt this flow, chopping up chunks of
conversation and inserting artificial pauses. Since some networks are insufficient for video transmis-
sion, some system will similarly delay the speech stream to synch with the video. This is a mistake.
It is much more important to have the speech stream convey real-time speed and pauses; video can
either be delayed or ignored or turned off (Krauss et al., 1977).

Speed in conversation not only affects the initiators, in their expectations of a response, but
also the receivers themselves in how quickly they can process the incoming information. Those for
whom the spoken language is not their native language often prefer text over voice because the
text can be read more slowly, understood more easily in spite of accents, and the expectation of an
immediate, well-formed response is lower, allowing time for more careful composition. Therefore,
faster is not always better.

Of course, other technologies generate different expectations as to how quickly the receiver
will hear/read and respond. Voice, video, instant messaging, and texting are conducted at the speed
of real-time conversations, with the exception of voice mail, which conveys expectations like email.

Email, on the other hand, evokes a whole range of expectations of how quickly a response will
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happen. Because of this variability, we recommend that collaborators exchange information on their
response habits and agree on a convention of promised responsiveness, key parts of what is called
a “communication covenant.”

Blogs, forums, and wikis set expectations for a much more leisurely pace of change. Some
bloggers publish daily, others when the mood or events dictate. Forums, similarly, move at the pace
of the trigger of key events and goals or deadlines. Wikis, being the most free form, can generate
expectations and performatives of the genre its form imitates. Social computing applications reside
at the very “slow” end of the response spectrum, with information for recommendations or votes

aggregated over long periods of time.

9.2.2 SIZE

Modern messaging systems differ widely on the size of the contribution. Twitter is limited to 140
characters per entry; Facebook entries are larger, but not infinite; email can vary anywhere from
short to very long, with attachments capable of conveying tomes. Documents, similarly, vary from
paragraphs to tomes. Blogs and forums are typically no longer than popular magazine articles, with
response to blog entries typically very short, where in forums they are a bit longer. One chooses the
medium for text exchange at least partly on the basis of the size of each contribution.

Size also refers to the amount of computation required to process the entry. Text entry and
editing require very little computation; spreadsheets and simple statistical packages require more,
but still within the capacity of modern personal computers. Search algorithms have grown to re-
quire a great deal of computation in being able to not only find appropriate material but to rank
it appropriately to the presumed needs of the user. At the high end of the spectrum for high-end
computing are data mining, machine learning, and large-scale data analysis and computation, like
climate modeling. Today’s processors on personal machines can handle most personal and small-
group collaborative computing needs, where as grid computing and huge server farms are required

for the high-end computational problems.

9.2.3 SECURITY
Different domains differ widely in their requirements for security. Clearly, the military and mili-
tary contractors require high levels of security as do medical establishments (because of HIPPA),
the legal profession, and corporations with competitive secrets. To the people in these domains, a
whole set of technology options are forbidden. Open source platforms and cloud computing are too
insecure to be allowable for these activities. Simple, easy-to-use collaboration platforms like Skype
and Google Docs are out of play.

Security also is a consideration at the individual level, where people in conflict situations (like
a war zone or surrounded by competitors, for example, in a trade fair), need to use applications that

cannot be heard or seen by “the enemy” (Semaan and Mark, 2012). Mobile phone user in these
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situations switch from voice to text; laptop users on tightly seated airplanes add polarized laptop

screen shields to keep seatmates from reading what’s on one’s screen.

9.2.4 PRIVACY

In many applications used in a collaboration, it is important to know who contributed what. Often
social conventions arise on shared documents that the editor ask the original author if they can
make a change (Birnholtz and Ibara, 2012). In some cases, however, there is advantage to being
anonymous or to holding a pseudonym (which over time and repeated contributions can gain a
reputation, but just not an identity connected to a real person). Some public forums and chatrooms
discuss controversial issues for which contributors could be in danger for their expressed opinions
and therefore encourage anonymity. In addition, there are some group decision support systems that
advocate that the participants be unidentifiable to encourage free participation without worries of
reprisals (Nunamaker et al., 1991).

9.2.5 ACCESSIBILITY
By using the term accessibility here, we are not referring to systems that are usable by those who
have some physical challenges, by being blind or deaf or immobile, though, of course, these are im-
portant considerations for the particulars of the participants in a collaboration. Here, we mean the
more widespread issues of whether the use of a technology requires connectivity to the Internet or
not. Those applications and storage facilities that are “in the cloud” are not accessible unless the user
has access to the network and Internet. In contrast, applications that reside on one’s computer, like
Office, do not require connectivity to get work done, although they require connectivity to share.
In a similar vein, some items cannot be viewed or interacted with unless one has the appro-
priate application on their machine. For example, one cannot read and edit another person’s Gantt
chart unless one has the Project application installed. In other cases, the application or document
is accessible to everyone, regardless of native applications. PDFs, today’s email, and various web

applications are more universally accessible.

9.2.6 CONTROL

Many collaboration technologies have features that automatically dictate who is in control or have
settings to establish who can read/write, etc. Workflow applications designate at each step who
can do what. The initiator establishes an entry or someone issues an invitation for an entry. At
each of the next steps, it is clear who has the ability to add, edit, approve, etc. At the other end of
the spectrum is an open collaborative document, like one in Google Docs or one in a file sharing
system like Dropbox, where anyone can make any change. In between these conceptual ends is
the implicit control over documents and their edits in a “tracking changes” situation, where one or

more authors has the implied permission and authority to accept or reject changes, and to respond
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to comments. Although the explicit handoff and control in these applications works well for small
well-defined collaborations, it creates coordination challenges when one author has to contend with
the comments and suggested edits of a large number of colleagues, like in ad hoc committee work.

A similar set of control issues surround real-time meeting coordination where people are
sharing an object relevant to a discussion. At one end of the spectrum are screen sharing programs,
like GoToMeeting, where one person’s screen is being shared, and that person controls the cursor
and entry, but can explicitly hand control off to another. At the other end of the spectrum is the
collaboration around views of a real-time shared editor like Google Docs. All participants can have
the shared document open on their own screens, and can see the activity of all the other partici-
pants, both seeing who is “in” the document by reading a name on the upper right of the screen,
and by seeing others’ cursors with their name on a “flag” plus immediately seeing the changes as
they happen. The downside is that not all participants may be looking at the same portion of the
document, and conversations may be confusing when people say “here” or “there.” Some prototype
sharing system allow each person to have a private view of their entry and then can command when
that view is either seen by others or copied to a public window (Monk, 2009).

'This last point, control over others’ability for others to see one’s work, has an interesting story
to illustrate its dangers. To help coordinate the roll up of monthly sales figures around the world,
a financial analyst sent around a sample spreadsheet to illustrate the format required. The spread-
sheet had numbers in various fields that the immediate collaborators knew were mere examples,
but more distant others who had access to the spreadsheet did not know this. Thinking these were
real numbers, the others started talking about the implications and action steps, all to the chagrin of
the originators and those in the know. As the creator of the example said, “Bad numbers have legs.”

A similar concern over control, though at a more micro level, arises in the differences
between various communication media. When conversing by voice, as soon as the utterance is
made, it is received by the others. When conversing by text, however, one can review and revise
one’s message before sending it (Clark and Brennan, 1991). One has control over when the “final”
version is viewable. This same point applies to the contrast between the immediacy of changes in
Google Docs, and the more controlled release of changes in the handoff procedure in Office, using
“tracking changes.”

A more subtle level of control appears in the contrast between blogs and forums. In a blog,
the control over the topic is held by the primary author; others merely comment. The others do not
have the power to start a new topic or contribute large, complex material. In a forum, however, the
control over topic is shared by all the members. Typically one or more people dominate, and even
some take on the role of policemen to set and enforce the rules about topic choice. But the forum

is much more democratic than a blog.
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9.2.7 MEDIA RICHNESS

Many of the early prescriptions about what technology to use for what task (the “task-technology
fit”) centered on whether to use text, voice, or video (Goodhue and Thompson, 1995; Zigurs and
Buckland, 1998; Fuller and Dennis, 2009). The early prescription was to use richer media for tasks
that relied on the communication of emotion or subtle cues of intent. This pointed directly to tasks
involving negotiation; one would like to see the opponent’s reactions to various offers to assess
the situation. However, the assessing another’s reaction also plays out in communication between
people who may or may not understand each other—those who have little common ground, or
those who are speaking their non-native language to others similarly not speaking their non-native

tongue (Veinott et al., 1999). Here again, rich media matter.

9.2.8 EASE OF USE

Some technologies are “walk up and use,” and others require training and skill to use, often re-
quiring the time of an operator or producer. The most prominent and varied of these collaboration
technologies is video conferencing. An early functional but specially built system for video-con-
ferencing, the Access Grid,* shown in Figure 9.6, is a very powerful, flexible multi-point system.
However, it requires a “producer,” not only to get everyone connected and audible, but also then
to move and size the screens of the projected participants so that the person currently speaking is

prominent, and others made smaller in a “Brady Bunch” peripheral configuration.

Figure 9.6: Access Grid video system from Sydney access point.

24 http://www.accessgrid.org/
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Commercial products like Cisco TelePresence? (shown in Figure 9.7) have achieved good
social ergonomics by projecting people life-size as if around a table, but again it takes skill to know
how to set the conference up and place the projected images in the right position. Desktop systems
like LifeSize have a more user-friendly interface for connectivity, although it too requires training.
'The free and now very popular Skype video, audio and screen sharing program is easier to use,
though less high definition and choppier in quality. Because it is fairly easy to use, it has grown in
popularity, making it as close to the projected ubiquity of the PicturePhone as we have today.

Figure 9.7: Cisco’s Telepresence with a social ergonomic arrangement.

The point about ease of use, however, is not restricted to videoconferencing systems. Not
all information repositories are obvious how to use, especially in setting access and permission for
actions. Some features of Google Docs are not obvious and best learned by watching someone
more experienced using advanced features. Some special purpose applications for various scientific
or high-end analytic situations, if not built with user-centered design principles, can fall into disuse
because they are too hard to use.

Some collaborations, especially in technical fields, build their own technical systems. It is
important in these cases that the systems be built with the user in mind, using Contextual Design
(Beyer and Holtzblat, 1998), a key process for understanding the needs and capabilities of the
users. The UARC/SPARC project, which built special tools for aggregating data and theory and

= http://www.cisco.com/web/solutions/collaboration/improving_collaboration.html
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communicating about it for Upper Atmospheric physicists, had a user experience person on the
team. The initial interface design matched that of the physical instruments in Greenland, the dials
and meters familiar to all. Over time, the users themselves had direct input to the design of the
follow-on iterations. That software migrated a number of times over ten years while the end users
grew in sophistication about how digital data could be calculated and displayed.

Key to the success of introducing technology to people’s work is what level of tools they have
been using in their work already. In the UARC/SPARC example, above, at the beginning the sci-
entists had familiarity with email, not interactive scientific models or complex integrated displays.
With the increased sophistication of many of collaborators today, it is easier to have the discussion
about what tools they need and what they are comfortable with, a concept we call Collaboration
Technology Readiness.

Knowing that not all technologies and their collective use are perfect, it is important in the
work to have adequate technical support, both for ongoing training, acquiring and adapting new
tools as they appear, and maintaining the infrastructure. In the original BIRN project, a significant
portion of the project funds went to their technical Coordinating Center, where they spared the
scientists from having to decide what technologies to use by compatible suites of technologies for

the scientists, what was affectionately called “BIRN in a box.”

9.2.9 CONTEXT INFORMATION
Collaborators experience a number of challenges in awareness, not of each other’s work or availability,
but of what recent events have been or what the other is seeing at this moment in the conversation.
One kind of awareness turns out to be very important in establishing common ground in
the moment (Monk, 2009). In face-to-face communication, we have co-reference; we know what
the other is looking at; if I can see it he can see it. We can use deixis, using terms like “there” and
“this” to refer to something we both know or can see. When conversing remotely with various
communication tools, co-reference cannot be assumed. For example, if in a remote conference,
both parties are looking at a copy of a large diagram, e.g., an architectural drawing, and one starts
talking about a feature on the “upper left,” confusion can often ensue. Unless the screens are locked
together, what’s on one’s upper left may not be at the other’s upper left. This same kind of loss of
immediate common ground can occur in audio conferencing when the signal breaks up. One person
says something they assume the other has received, but the choppy signal broke up at the key point.
A second kind of awareness is of the activity of others. Collaborative system may notify the
collaborators when something has changed (e.g., a new document or a new version of a shared doc-

ument exists), a “push,” or the collaborator has to periodically examine the information repository
for changes, a “pull.” Email is the ultimate push; Facebook is the ultimate pull. “FACEBOOK is like
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a fridge. When you're bored, you keep opening and closing it every few minutes...to see if there's
anything good in it” (J.D. Chandler, 2011%).

9.2.10 COST

Not all technologies are affordable by everyone. Top-end video conferencing suites such as in Fig-
ure 9.6 can only be afforded by organizations with large capital budgets. Those with fewer resources
rely on inexpensive or even free options for doing video conferencing. Licenses for commercial soft-
ware can range widely. And initial investments are not the only cost. Maintenance and upgrades are
ongoing expenses. So in determining what hardware and software to acquire, these ongoing costs
need to be taken into account as well. Developing one’s own software with inexpensive student
labor can have some short term gains, but may be very expensive in the long run if the software is

unreliable or difficult to maintain.

9.2.11 COMPATIBILITY WITH OTHER THINGS USED

Not everything works with everything else. Hardware from various vendors can be incompatible, or
at least be difficult to configure. Software is often incompatible with certain hardware. The worlds
of Windows, Mac OS, Unix, Linux, and so forth can spawn a variety of interesting software options
that only work within that world. Even the Internet, the World Wide Web, and the “cloud” can
cause compatibility problems. And all of these matters can interact with technical support. Being a
Mac aficionado in a Windows world can be a major headache when it comes to getting questions
answered or bugs figured out. And of course there are elements of almost religious fervor in the

selection of “worlds.”

9.3 EXAMPLE DECISIONS ABOUT TECHNOLOGY CHOICES

Here we present two projects with different constellations of technologies to support their distrib-
uted work to illustrate the considerations of many of the factors listed above.

The first is a large-scale collaboration connecting 13 academic institutions in the U.S. with
the goal of collecting standardized data and functional MRI images of both normal and schizo-
phrenic patients to aid exploration into the diagnosis and cure of schizophrenia.

'The collaboratory has developed their own suite of tools and methods for data sharing, query,
and analysis tools. A major factor in their work is ensuring the consistency of the data collection
situations and equipment, de-identifying the data, moving of large quantities of data between in-
stitutions, and building appropriate query tools to aid the research (Olson et al., 2008).

We contrast this with a team of 30-40 people doing user interface (dashboard) work in a

large automobile company (“AutoCo”). The team has 25 people in headquarters, a few in Mexico

26 https://twitter.com/jdchandlerklove/statuses/149628369703673856
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and the rest in Germany. Individuals are matrixed, such that people with various expertise’s work on

several projects. People travel to meet with other team members, but also to vendors and partners to

give them access to information that only AutoCo people can access. Security is paramount because

they work on projects that can determine the competitive edge for the cars in a tough market.

about which technologies they use to support distance work

Communication Technologies

Table 9.2: Comparison of an academic “large science” endeavor and a large automobile company

Academic Collaboration

Email and Texting Cross-platform, well under- | Microsoft Outlook, MSCom-
stood. Lots of attachments municator

Voice and Video A lot of conference calls. AutoCo internal conferencing

Conferencing Video is available but people | service, Cisco’s WebEx, some-

don’t use it.

times Lync.

Videoconferencing rooms avail-
able but this team does not use
them

Chatrooms, forums,

Well-used wiki with posts

Chat in MSCommunicator in-

Shared Calendars

blogs and wikis of protocols, FAQs tips, and | cluding multi-way.
availability of new versions No blogs or wikis because of
of software tools, articles of | security. Marketing using Face-
interest. book because they have to con-
trol what the public sees.
Virtual Worlds — Global meetings done with

Coordination Tools

Web Conferencing

Outlook Calendar

Awareness Tools

Not needed because the focus
is on shared data, not mo-

ment-by-moment communi-

MSCommunicator, used fre-

quently

source Scheduling

cation

Meeting Support GoToMeeting used a lot, with | WebEx with screen sharing
screen sharing

Large Visual Displays | —— —

Workflow and Re- Dashboard indicating which | Cobbled together system to in-

patients have all their data in,

and if not why not.

dicate who is currently respon-

sible for an issue
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Information Repositories

Shared Data Clinical data is kept locally, Sharepoint and Team Room,
then a search engine copies plus a very large Parts list
needed data to someone else’s
machine, “federated.”

System Architecture | Tools are open source, data is | All in-house, nothing in the

federated at search time cloud

The Network Open academic connectivity | Two networks: Virtual Private
with safeguards in data trans- | Network and web facing appli-

mission. cations

Large-Scale Compu- | Earlier used Grid computing | Not in this team, but large sim-
tational Resources to merge with another collab- | ulations in design

oratory

Human Computation — —

As shown in the Table 9.2, the selections the two contrasting teams made are very different
on almost all choices. The Academic Collaboration is open source, using a variety of tools, many
of which are built in house, with the exception of email and conferencing with GoToMeeting.
The AutoCo in contrast has a tightly controlled set of commercial applications controlled by their
central information technology department for the company as a whole, and all running on a
secure network, with a few applications available through web interfaces. The work of AutoCo is
fast moving with a lot of communication and coordination; the Academic Collaboration is slower
moving, with a goal of coordinating large sets of standardized data so that many researchers can
make progress in their particular research topics. They share findings and tips through a well-used
wiki. They had solutions to almost all the categories of collaboration technologies, but because of

circumstances of their work and the need for security, the choices were different.

94 CONCLUSIONS

Choosing the appropriate suite of technologies to support collaboration is not easy. The sets of
teatures of each drive how they are each going to be used; the technology often dictates social
configurations of use. Although we have not provided a decision tree of questions, answers of
which would point to the “right” set of technologies, we have provided a listing of classes of col-
laboration technologies, a listing of the key features of these technologies that should be carefully
considered in the choice of one’s particular use, and two examples of how these played out in real

distance collaborations.
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CHAPTER 10 ‘

The Science of Collaboratories
Database

Distributed collaborations to support scientific research have become very common in the past cou-
ple of decades. Starting with the early calls for “collaboratories” (Wulf, 1993), the community has
embraced this concept and initiated numerous such projects in a wide variety of fields. We decided
some time ago to track these developments and create a database of such projects. We now know
that there are literally hundreds of them.

For more than a decade, we have been collecting some basic information about as many col-
laboratories as we can find. The goal has been to provide a public resource of collaborative efforts in
academia, and to gain some insight into trends such as what academic areas are most active in what
types of collaborations, which people are involved in a number of collaborative efforts, etc. These
are primarily collaborative projects in science and engineering, but recently we have identified a
number of emerging collaboratories in the humanities (Inman et al., 2004). As of August 2013, we
have identified over 717 collaboratories. The primary means of data acquisition has been through
snowball sampling. We have encountered collaboratories in articles, talks, and online mentions.
While our sample is by now quite large, given the means of sampling we do not assert that our

sample is representative.

10.1 INFORMATION COLLECTED

'The information we have collected on each collaboratory includes:

* the name (e.g., Cell Migration Consortium (CMC));

* the url (e.g., http://www.cellmigration.org/);

* its status (e.g., operational, completed);

* its start and, if completed, end dates;

* the primary collaboratory function (e.g., shared instrument);

* the secondary collaboratory function (e.g., expert consultation);
* domain(s) (e.g., Biology, electron microscopy);

* a brief description of the collaboratory (often taken from their website);
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enumeration of the access to instruments they provide (if any) (e.g., electron micro-

scope);

enumeration of the access to information resources (e.g., shared repository of fMRIs

of late onset schizophrenics);

enumeration of the access to people as resources (e.g., consultation from the Beckman
Institute staff);

funding agency or sponsor (e.g., Beckman Institute for Advanced Science and Tech-
nology and the Illinois Consolidated Telephone Company);

associated notes on the funding;

organizations affiliated with the collaboratory (e.g., Norwegian Knowledge Centre for

the Health Services) with the approximate number of people from each;
total number of participants (approximately);
communications technology used (e.g., ProCite5, email);

technical capabilities (e.g., asynchronous object sharing: index/metadata, email attach-

ments);
key articles; and

project-reported performance data (e.g., This project’s web resources received over

50,000 hits on the website per quarter).

Figure 10.1 shows a typical entry.
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Site Map - Login

An alliance to advance the understanding of collaboratories

Name of Collaboratory :

LRL
Collaboratory Status :

Primary Collaboratory Functien :
Seconcary Collaboratory Functions :
Deomain(s) :

Brief Description of the Collaboratory ©

Access to Instruments :
Access to Information Resources :
Access to People as Resources :

Funging Agency or Sponsar :

Return to the list of Collaboratory Projects

Ci

ickworkers

http://clickworkers.arc. nasa.gov/top

. . . Info Last Updated : Thu, Dec 1
Completed Start Date : 2000 End Date: 2001 pone ooy FG
Open Community Contribution System

Virtual Learning Community, Share¢ Instrument

Orly an estimated 20% of the raw cata collected in typical space Missions is ever properly exploited. Mars Global Surveyor
(MGS) arrives at the red planet five years ago and has sent home over 25,000 high-resolution images.

Dr. Bob Kanefsky at Nasa-Ares Research Center in California anc a small group of researchers were inspired by the various
downloadable “screensaver” programs that a computer can run to crunch cata when it would otherwise be idle. The original of
such screensavers is SETI@hore. Also, astronomy has a long history of relyng on amateurs for cata collection ang
interpretation. The Ames team geveloped Clickworkers, a piece of software gownloagable from the NASA web site. Using the
software the general public was invited to examine iMages from Mars mace by the Viking Orbiter, and icentfy craters.
*Clickworkers" gownloaced Mars images obtained by the ongeing MGS project, circles each crater, measured its size, anc
dlassifiec it as being fresh, cegradec, or a "ghost’ (a heavily roced or overlain crater, which Must therefore be olg).

with the rise of the Internet there is the possibility for a gistributed network of human processing power. Between November
2000 ang September 2001 more than 80,000 people markec nearly 2 million craters for measurement and classified the
relative age of another 300,000, Their averaged results proved to be JUSt a5 goo0 as those Procuced by an expert crater
rateréwho would have had to dedicate several months of continuous effort to produce the same amount of data. Manm
participants spent a small amount of time on the site (thirty-seven percant of the work was done by one-time visitors) while
others have spent many hours with the images. With the experience acquired by the latter group, their assessments improved
as time went by. Also, by having several participants examine each image |ncepencently, the reliability ang cuality of the
results were dlagnosed.

This experiment on massive image analysis in plaentary science was possible because human beings' finely tuned perceptual
abilities were far superior to the capabllities of the Image-recognition algerithms of the time. Also, the cistributec network of
partcipants across the Internet were supported centrally via NASA Clickworkers web site, ang reguired little guigance beyona
what was offered on the web site,

Clickworkers downleaded images from the clickworkers web site and worked with the web interface to identify and classify
craters on the surface of Mars.

Instructions were posted on the Clickworkers site on how ta classify craters. Also, multimedia presentations an how craters
age was also avallable.

An emall adcress was provided for dickworkers. Fewer than 1% of the participants sent email but even this proved
averwhelming for thase answering it.

NASA Ames Research Center

hotes on Funging Agencies/Sponsors:

From Director's Discretionary Fund

TOTAL PARTICIPANTS:

otes en Participants/Organizations:
85,000

Communications Technology Used :
Technical Capabilities :

Key Articles :

Project-reported performance data :

Internet, email

Asynchronous conversation
Email

Benkler, Y. (2002). Coase's penauln, or, Linux and The Wature of the Firm Yale Law Journal, 112(3), 369-446.

Kanefsky, B., Barlow, N. G. & Gulick, V. C. (). Can gistribuites volunteers sccomplish massive cata analysls tasks?.
etrieved December 31, 1969, from NASA Ames, University of Central Florida, NASA Ames Web site:
nttp://clickworkers. arc. nasa. gov/ cocuments/ abstract.pef
The JuBGMents of experts were compared to the Clickworkers, and statistical averaging of the latter were essentially as goos
as the former. Frivelous inputs were easily weeded out. Reports are available on the web site.

Figure 10.1: A representative entry in the SOC database.
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Figure 10.2 shows the top level aggregate listing, which includes the name, a hot link to the

public view is clickable in order to sort on that variable.

website, the date of its beginning, and the primary collaboratory type. Each of the columns in the
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An alliance to advance the understanding of collaboratories

Resources : Collaboratories at a Glance -- Alphabetical

Below are the names of many of the collaboratories we nave identfied and are Investigating. The entries In our datanase that are mare comalete anoear below with links to a record
view with maore Infarmation en that collaboratary.

Project Name Start Date Primary Function
1000 Genomes Project [web sita] 2007 Community Data Systems
2002 Community Infrastructure Development
A Toroidal LHC Apparatu$ (ATLAS) [web site] 1997 Distributed Research Center
Grig [web site] Community Infrastructure Development
ue Information Disclosure (AID) [w 2004 Community Infrastructure Development
Acult to Acult Living Doner Transplantation Cohort Study [A24LL) [web site] 2002 Distributed Research Center
Advanced b gical Information System (APIS) [w 1996 Community Data Systems
n Search: Research in Agricultural and Applied Econor web site] 1985 Community Data Systems
Agricultural Health Stugy (AHS) [web site] 1894 Distributed Research Center
griculture Network Information Center (AGNIC) [we! 1985 Community Data Systems
Alcator C-Mod Tokamak Fusion Research Project [we! 2001 Shared Instrument
Alliance for Cellular Signaling (AFCS) [web site] 1999 Distributed Research Center
Alliance of German Cryobanks [web site] 2005 Community Infrastructure Development
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study [ATBC) [web site] 1585 Distributed Research Center
AhasiaBank [web site] 2007 Community Data Systems
ArchaesTools [web 2007 Community Data Systems
Archiet (ArchNet) [web site] 2000 Virtual Learning Community
ArcOD) [wieb site] Community Data Systems
ctic Portal [web site] Community Infrastructure Development
Argonne Collaborative Access Teams [web site] 1881 Shared Instrument
Argudas [vieb site) 2008 Community Infrastructure Development
Arizona Telemegicine Program (ATP) [web site] 1003 Expert Consultation
N Science Support Center (AHeSSC) [web site] 2004 Distributed Research Center
1591 Community Data Systems
2001 Community Infrastructure Development
Astrophysics Simulation Collaboratory (ASC) [web site] 1952 Shared Instrument
Atacama Large Millimeter Array [ALM’-\ [ueb site] 2003 Shared Instrument
Athena Breast Health Netu 2008 Distributec Research Center
Australia Antarctic Cl Center (ACECRC) [web site] 1551 Distributed Research Center
Autoinflammater ms, ciagnestic markers, ang
therapeutic targe ]
Baltimore Washington Regional Collaby y (BWRC) [web site] 1596 Community Data Systems
Barcode of Life Data Systems (BOLD) [web site) 2005 Community Data Systems

Figure 10.2: The top of the high-level listing of collaboratories.

SOC Database currently contains listings for 717 collaboratories, some more complete than
others. The public view shows information at two levels: those collaboratories that have information
in the above listed data fields filled in, and those that are merely noted with their websites linked.
'The database to date has almost 280 filled in, but more than 400 have little or nothing in their fields.
The collaboratories that are filled in include (already) over 3,100 participating organizations and 67
different funders, and over 1,600 identified participants (with many more unidentified). The public
view of this database is found at http://soc.ics.uci.edu/Resources/colisting.php.

A number of predefined reports are available to the research team (including those outside
of our immediate research group we give permission to).”” For example, Figure 10.3 shows part of

a report of all the collaboratories that are associated with domain names in NSF format.

27 If you are a researcher who would like to participate in the mining of these data, please contact Judith Olson at
jsolson@uci.edu.
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« Civil Engineering ¢ Oceanography « Psychology s Other Humanities
« Electrical Engineering « Other Environmental s Education
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+ Mechanical Engineering » Teaching Fields
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Business Management and Administrative
Services

Data Processing

Information Fields

Other Professional Fields

ENGINEERING

. ical /A ical

+ Chemical Engineering

& Chemical Engineering

s Petroleum Engineering

o Polymer and Plastics Engineering
« Civil Engineering

& Civil Engineering

9
o Aerospace, Aeronautical, and Astronautical Engineering

= NEESgrid (George E. Brown, Jr. Network for Earthquake Enqgineering Simulation Grid)

= Collaborative Virtual Teams
o Environmental Health Engineering

= NY STAR Center for Environmental Quality Systems

« Electrical Engineering
o Communications Engineering

Multimedia Integrated Conferencing for Europe

Multimedia European Research Conferencing Integration

Multimedia Education & Conferencing Collaboration over ATM Networks & Others
Biomedical Informatics Research Metwork: Coordination Center

Energy Science Network

Lucent Product Development Collaborator

o Computer Engineering
National Digital Mammography Archive

Biomedical Informatics Research Network: Coordination Center

Shastra

Lucent Product Development Collaboraton

Network for Computational Nanotechnology
IT Collaboratory: NYSTAR designated STAR Center

Mozilla

EQUATOR Interdisciplinary Research Collaboration

Global Grid Forum

Linux

NPACI (National Partnershi
PlanetLab

for Advanced Computational Infrastructures

Figure 10.3: Example of the kind of report that is possible with the SOC database.

To the research team, a number of additional password protected items are accessible, in-
> P P >
cluding notes on how the collaboratory started, its relation to other collaboratories, a list of key

people and publications, where the information came from (e.g., interviews, websites) and other

investigator files such as interview notes.

10.2 FINDINGS TO DATE

In what follows, we describe some interesting summaries of the 278 Collaboratories whose entries
we have filled in. Recall that ours is a snowball sample; we cannot generalize the entire population

from our numbers. But the numbers are interesting nonetheless.
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All Collaboratories are tagged with the research domain name, using the National Science
Foundation’s classification system. Table 10.1 lists the number of collaboratories associated with
each major category of domains. Note that one of the hallmarks of the Collaboratory movement is
interdisciplinarity; consequently, these numbers include some collaboratories being counted more

than once. In fact, the average number of domains per Collaboratory is 1.86.

Table 10.1: Major disciplines associated with Collaboratories

Domain Largest subcategory

Biological, Agricultural Sciences”” 220 | Biological Sciences

Earth, Atmospheric, and Ocean Sciences 82 | Oceanography

Humanities 68 | Education, in particular Science Education
Mathematics and Computer Science 59 | Computer Science

Physical Sciences 52 | Physics

Health and medical sciences 42 | Health Sciences in general

Engineering 40 | Electrical Engineering

Social sciences 34 | Psychology

Professional 22 | Information

Chapter 2 lists the types of Collaboratories, each having different foci, structure, and often
participation. Table 10.2 lists the distribution of Collaboratory types among our 278 Collaboratories.

Table 10.2: The distribution of Collaboratories’ major types

Name Number
Distributed Project or Enterprise 86
Shared Instrument or Resource 25
Community Data Bases 67
Open Community Contribution System 13
Virtual Community of Practice 17
Virtual Learning Community 20
Community Infrastructure Project 44
Remote Expertise 6

A number of institutions are very active in a number of Collaboratories. Table 10.3 shows the
top 11. UCSD has been very active in the Collaboratory movement primarily, but not exclusively,
through the Supercomputer Center.

%8 The NSF includes psychology as a biological science. We consider it a social science, and therefore have shifted
the numbers associated with psychology to the following category.




associated with them

Table 10.3: Institutions with a large number of Collaboratories

Institution Number

University of California San Diego 35
Lawrence Berkeley National Laboratory 17
Stanford University 16
Massachusetts Institute of Technology 15
Harvard University 15
California Institute of Technology 15
Argonne National Laboratory 15
University of Illinois at Urbana-Champagne 14
Johns Hopkins University 14
Northwestern University 14
University of Washington 13
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There are 58 funders in our database to date, with a number from Germany, the UK.,
Canada, the EU, the Netherlands, Norway, Sweden, France, and South Africa. Table 10.4 lists the

funding agencies that have funded the most Collaboratories.

Table 10.4: Funders of the largest number of Collaboratories

Funding Agency Country  Number
National Science Foundation U.S. 53
National Institute of Health U.S. 44
National Institute of General Medical Sci- U.S. 19
ences

National Cancer Institute U.S. 16
Federal Ministry of Education and Research Germany 13
Department of Energy U.S. 13
Joint Information Systems Committee (JISC) UK. 10
National Library of Medicine U.S.

National Human Genome Research Institute U.S.
Engineering and Physical Sciences Research UK.

Council

We believe it is generally held that the collaboratory movement was generated by a need for

“big science,” primarily in physics, biology, and medicine. Although those are the domains of the
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largest number of identified Collaboratories in our database, the early Collaboratories represent a

surprisingly wide set of types and domains. Table 10.5 lists the earliest Collaboratories we have in

our database.

Table 10.5: Early Collaboratories and their domains

Collaboratory Start date Type Domain

Inter-University Consortium 1962 Community Data Social Sciences

for Political and Social Research Base

(ICPSR)

Protein Data Bank (PDB) 1971 Community Data Molecular Biology
Base

Energy Science Network (ESnet) 1974 | Community Infra- Communications En-
structure Project gineering

Ocean.U.S. (formerly ScienceNet) 1979 | Virtual Community | Oceanography
of Practice

GenBank 1982 Community Data Molecular Biology,
Base Genetics

Center for Economic Policy Re- 1983 Distributed Project or | Economics, Public

search (CEPR) Enterprise Policy

Child Language Data Exchange 1984 | Community Data Developmental and

System (CHILDES) Base Child Psychology

Alpha-Tocopherol, Beta-Caro- 1985 | Distributed Project or | Pathology

tene Cancer Prevention Study Enterprise

(ATBC)

Carotene and Retinol Efficacy 1985 Community Data Epidemiology

Trial (CARET) Base

ITER, an international Fusion 1985 Distributed Project or | Plasma and

Collaboratory Enterprise High-temperature

Physics

Visible Human Project (VHP) 1986 Community Data Biomedical Sciences,
Base Anatomy

Centre for the Study of Learning 1988 | Distributed Project or | Educational Psychol-

and Performance (CSLP) Enterprise ogy, Measurement

Sloan Digital Sky Survey (SDSS) 1988 | Community Data Astronomy
Base

Peirce Online Resource Testbed 1989 | Community Data Philosophy, Computer

(PORT) Base Science
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Project FeederWatch 1989 | Open Community Zoology
Contribution System

Theoretical and Computational 1989 Shared Instrument or | Biomedical Science,

Biophysics Group (TCBG) Resource Biophysics

Laser Interferometer Gravitation- 1990 Shared Instrument or | Astrophysics, Nuclear

al-wave Observatory (LIGO) Resource Physics

It is interesting that eleven of these are still very active. The three that have ended (ATBC,
CARET, PORT) still have websites that offer information or even specimens. Some (LIGO,
Ocean.US, and TCBG) started as collaborative projects, and now in their maturity are maintained
resources, more like Virtual Communities of Practice. There is now an opportunity to track the
lessons learned from these sustained enterprises to feed back into the recommendations here.

A few other interesting observations we have gleaned from the process of filling in and
adding new collaboratories are as follows. Again, given that there are still several hundred more
collaboratories to update, these findings are preliminary, yet lay the groundwork for continued re-

search and are interesting to note.

* Several large and successful collaboratories have recommended structures in place such
as external scientific advisory boards, partitioning of the research into work packages

or working groups, and a governing steering group.

* A new category of collaboratory has emerged in recent years: “collaboratory of collab-
oratories.” These “meta-collaboratories” add a new level of collaboration by serving as
coordination centers for networks of collaboratories working in the same domain. We
have noted 33 of these so far.

* In addition to the 43 collaboratories designated as Community Infrastructure Projects,
there are a 41 single organization (non-collaborative) projects that are building tools

expressly to support collaborative research. We are compiling a list of these offline.

There are opportunities to continue populating the SOC database, and in the future update
the kinds of information highlighted in this chapter.
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CHAPTER 11

The Collaboration Success Wizard

The data collection we did in developing the theory of remote scientific collaboration (TORSC)
was done primarily through interviews, either in person or over the telephone. In order to expedite
future data collection as well as make our findings accessible to current and future collaboratories
or collaborations, we have created an on-line survey that we call the Collaboration Success Wizard
(CSW). In addition, we provide the person who fills out the survey a personal report on where
the collaboration appears to be in good shape, where it might be vulnerable, and what to do about
the vulnerabilities. This advice is culled both from our experience with a myriad of best practices
and from recommendations for success in the literature to. Additionally, we offer the service of
providing the principal investigators or managers of the collaboration a composite report, again
of strengths, vulnerabilities and remedies. We provide information at the end of this chapter on

how to participate.

11.1 DETAILS OF THE WIZARD

Although our theory originally focused on collaborations in scientific research, almost all of the
questions are relevant to most other kinds of distributed collaborations. There is an opportunity to
extend the CSW to other domains of collaboration, such as corporations and non-profit organiza-
tions. There is additionally the opportunity to develop a version of the CSW that will allow us to
explore different forms of organization for collaborations, such as consortia that provide some form
of infrastructure or resource for a collection of projects.

The CSW operates like many online surveys, with a few key differences. First, while the
survey is administered to individuals, our unit of analysis is usually the project. We work with a
coordinating contact on each target project to obtain as extensive a list of individuals involved in
the project as possible. We intentionally work to include both central and peripheral members, and
to survey people in all roles in the project.

We currently have three versions of the CSW designed for projects in three different stages.
For new projects that are just starting, we provide a version worded in future tense that informs
about participants’ expectations for the project. With ongoing projects, we provide a present-tense
version that gives a project an opportunity to pause and reflect on how the collaboration is going
and adjust to changing circumstances. For recently completed collaborations, we have a past-tense
version that has been used both to understand what happened in the project and provide “les-
sons-learned” for future projects.
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We have a website that describes the Wizard and contains a form through which a person
can apply to access the Wizard (hana.ics.uci.edu/wizard). We work with the project leaders to
identify projects for which the CSW makes sense.”” Once the case is approved, we get from the
project leaders a list of the names and email addresses of all the participants. We work with them to
determine the appropriate timing for the survey and a plan for inviting participants. We frequently
ask a senior project leader to send an announcement to all participants in order to encourage maxi-
mum participation, but the actual survey invitation will come directly from us to ensure participants
that their individual responses will remain confidential. We also send reminders at set intervals to
participants who have not yet completed the survey. Depending on the time of year, the size of the
project, and other factors, the survey period for each project is usually two to four weeks.

After participants log in to the survey, they are presented with a study information sheet
detailing their participation and the data we collect. Participants click through to begin the survey.
Each question is presented on a single page. Figure 11.1 shows an example of a page from the
version that focuses on a future project. A navigation tree along the left side of the screen shows
one’s progress through the survey and enables respondents to re-visit prior questions if they wish
to reconsider their responses. Participants have the option of signing off and returning later if they
cannot complete it in one sitting. Each question is accompanied by a free-text field to explain a
response (if their situation does not match the question well), to provide examples, and to make any
comments they would like to make, either about the substance of the question or about the com-
prehensibility of the question itself. Several questions employ conditional branching ("skip logic")
such that the next question asked depends on the answer to these questions. We have found that a
typical respondent takes about 20-25 min to complete the Wizard depending on how many of the

free form text fields they populate with their explanations or color commentary.

29 In our experience so far, only appropriate projects have applied to use the Wizard.
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flikl Collaboration Success Wizard - Test Question index
Unanswered Questions are Highlighted
o4 G ) 100% Personal Profile
. 1 Demographics

Collaboration R

To what extent do you think the anticipated project members will be naturally collaborative?
Note: some kinds of work are naturally collaberative (e.q., freely sharing information, pro-actively helpful, etc.), and some

kinds are naturally competitive, vying for the same goals or resources (e.g., funding, publications, a Nobel Prize, efc.).
Neither is inherently good nor bad, but understanding this can inform decisions about how to organize the work

) 1= Naturally competitive
2

12 Naturally Collaborative

Q03
4 = Some competitive / Some collaborative
oS
6
() 7 = Naturally collaborative
| don't know

(=) No answer

comment, or examples:

<<Previous | [ Next>> |

Resume later

Copyright 2009-2013. Collaboration Success Wizard Steering Committee. All rights reserved.

Figure 11.1: A sample question from the Collaboration Success Wizard.

During an interactive interview, it is usually easy to tell if the interviewee understands a
question, and if there are problems, the question can be rephrased. However, with an on-line survey,
no such interaction is possible. Therefore, we devoted considerable time to iteratively framing and
testing our questions, usually by sitting with pilot subjects as they thought out loud while working
to complete the Wizard. After our initial, full-scale pilot study, in which we tested the complete
CSW, we also interviewed respondents to identify problems and confusions they experienced. The
key issue identified was ambiguities of the language used in the survey, typically wanting to know
what we meant by certain terms and phrases familiar to us, such as “interdependent,” and idioms,
such as “common tongue.” We began adding clarifying text to questions but, soon, some questions
started getting lost in the extra verbiage. This led to the introduction of a separate “note” area for
each question, to give examples of what is intended, so that the question itself is distinct.

One important characteristic of the CSW is that when respondents finish the Wizard, they
can view a report that provides feedback about the answers they provided. Figure 11.2 shows an
example of such feedback. Based on our research and supporting literature, we inform participants
about the areas in which they appear to be strong and which areas might require some attention.
For the latter, we offer some suggestions of things they could do to mitigate the risk. Considerable

effort went into developing the feedback so it would be a smooth as well as informative narrative.
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ikl Collaboration Success Wizard

Report for Collaboration Success Wizard

September 01, 2013 12:35 pm

Print the Report

This report is generated from your survey responses and is focused on suggesting remedies where your collaboration may be improved.
For areas that are likely unproblematic, we don't suggest anything because we feel you have already figured out those areas. As such, the
shorter this individual report, the better your project is doing (from your perspective). The report begins with an Overview of the various
aspects of distributed collaboration and proceeds to our feedback to your responses to specific questions. The Qverview is a new feature,
still under development, and may give a different impression than the individual response feedback. This is due to the challenge of
automatically processing "I don't know" and free-text responses. If you do see conflicting impressions, ignore the Overview summary. If you
have any suggestions to improve this report, please feel free to email them to Dr. Steve Abrams <sabrams@ics.uci.edu>.

Overview based on your responses

Nature of Work Your responses here suggest you have a collaboration with some serious challenges to overcome and which
should be addressed as soon as possible.

Your responses here suggest there may be some barriers between project members that may be impeding
Common Ground effective collaboration. It's worth considering developing an event, or set of activities, that your project
members can do to learn more about each other.

Your responses here suggest your project may not be able to resolve problems that could threaten your
Collaboration Readiness project's survival Use our specific suggestions (below) as talking points to begin addressing these barriers to
success.

Your responses here suggest that some areas of coordination, among different groups or institutions
represented in your project, may be impeding progress, which may lead to problems in the future. Examine,
and discuss with others, our suggestions in this area with an eye towards being prepared for new problems.

Management, Planning,
and Decision Making

Your responses here suggest that the technology systems available to project members are facing some
serious problems, either in their deployment or in their "fit" with the needs of project members. You should
discuss the feedback we provide below, in this area, with the technology systems' operators and with other
project members and leadership.

Techonology Readiness

It's a telling sign that you don't think this project will succeed. Hopefully, some of the issues identified by this
Conclusion Collaboration Success Wizard and the suggestions we provide can help you and your collaborators improve
your chances of success.

Areas that Need Improvement

1. [Nature of Work]: How dependent are you and your remote colleagues on each other to get your work done?
Your Answer: 7 =Alot (1 =Notatall; 7=Alot)
Research shows that when remote collaborators are highly dependent on each other, their work requires a great deal of
communication and awareness of each other's progress. If possible, work with your colleagues and team leaders to redistribute the
work so that work with many dependencies among people can be assigned to collocated teams. If it is not possible to collocate that
work, set up mechanisms to share progress (e.g. check modules in and out of a system) and to communicate richly (e.g. through
instant messaging and video conferencing).

2. [Nature of Work]: In general, at the outset of how routine was the work with your remote colleagues?
Your Answer: 7 = very non-routine / ambiguous ( 1 = very routine / well-understood ; 7 = very non-routine / ambiguous )
If the work you are doing is highly ambiguous or non-routine, it requires a lot of communication for clarification and for achieving

__________ Oinle coimale o AR b bn e B dlen mmnmla man mnk anllannind amd men mnd albla bn anosesmlonbe snmidl bk s fneile (£ dlia

Figure 11.2: Sample individual feedback for the Collaboration Success Wizard.

We also offer to provide a project-level summary of what the respondents said through the
Wizard about the project. In many ways, this report is similar to the individual report but, with the

aggregated data, we can also report statistical trends and distributions reflected in the responses.
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Not everyone has the same experience in a collaboration. For example, core members might know
more and consequently trust others more than peripheral members. These are important differences
to be aware of in managing the collaboration effectively. Just as importantly, we can also analyze
the free-text comments provided by respondents, which tend to add a great deal of richness to the
numeric data

We have administered the Wizard to 12 projects to date, and they have found this kind of
project-level feedback to be very useful. Here are some representative comments, both from projects

that were already underway (emphasis added):

* “...we also assessed our inter-company collaboration effectiveness as a Consortium using the
Collaboration Success Wizard, developed by the University of California, Irvine. The results

from the assessment provided direction for changes in year 3.”

* “The Collaboration Success Wizard is an effective management tool for the NEES Energy
Frontier Research Center. It drew out patterns in the way our members work that we were
not conscious of, confirmed some impressions we alveady had, and allowed us to hear frankly
from our members. The Wizard was particularly useful as an independent evaluation tool

that was not tied to a funding agency or other scientific review panel.”

11.2 DETAILS OF THE REPORTS

One of the principal motivations for developing the CSW was to take what we have learned and
to help people collaborate across distance more effectively. Both reports acknowledge strengths and
suggest strategies for mitigating vulnerabilities, where possible, but the goal of the reports is not
to provide a summary judgment. The goal is to facilitate reflection by respondents and to motivate
discussion among collaborators. Such consequent discussions are the means by which our theory
can be translated into practice and, we believe, by which collaborations can be improved.

Generating a report that can motivate discussion is challenging. There is a limit to the num-
ber of questions the CSW can ask and this limits the specificity and detail of the report’s feedback.
To be most effective, collaborators need to integrate the feedback with their own, more detailed
knowledge to understand what it means in their context and to determine what actions they may
undertake to improve their collaboration.

Another challenge is that our theory makes no claims about the re/ative impacts of its factors
on success. The CSW does include a scoring mechanism, however, to generate an assessment for
each category of factors (see Table 4.1) in the report. As we collect more data, however, we expect
some factors will emerge as more predictive of success and feedback can be modified to emphasize
these aspects.

At present the use of the Wizard is free because it is federally grant-supported.
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11.3 INITIAL EXPERIENCE WITH THE WIZARD

We have administered the CSW to 12 projects so far. First we give two illustrations of the impact
of the CSW on projects, then give some general findings of the five projects we have analyzed in
some detail.

Two examples illustrate the impact of CSW: one project we worked with was a group as-
sociated with the University of California Medical Center, who were in the process of applying to
the National Institutes of Health (NIH) for a Clinical and Translational Science Award (CTSA).
As this was a proposal to create such a center, we administered the future version of the Wizard.
We were given a list of 69 names to invite to participate, 43 of whom completed the Wizard survey
for a 62% response rate. We prepared an oral and written summary of the results for the CTSA
steering committee, who then put information from the summary into their proposal to NIH. They
were subsequently successful in obtaining an award and, in the fall of 2010, launched the Institute
for Clinical and Translational Science (ICTS) at UC Irvine. There is now an opportunity to follow
up with this organization to see how well the Wizard did in characterizing the project when it was
in its proposed phase and what their responses were to our feedback.

Another collaborative project, the Collaboration Consortium, is a multinational industry
workgroup, sponsored by Cisco Systems that was chartered in 2008 to develop a Collaboration
Framework™ to be deployed and rigorously evaluated in their own organizations. As an ongoing
collaboration among 14 organizational representatives, they used the present version of the Wiz-
ard to assess their workgroup’s own collaboration. Nine of the 14 representatives completed the
CSW. In their 2011 annual report,* their Wizard “experience” and our findings are summarized,
as well as the changes they plan to make, which resulted from our analysis and their discussions
of our findings. The Wizard afforded them the opportunity to reflect on their collaboration and
redirect some aspects, which TORSC identifies as a factor contributing to successful collaboration
(Olson et al., 2008).

Across the 12 projects that have used the CSW, we have collected more than 200 completed
responses. One project had too few responses to be representative (prompting a concerted effort
to better understand what we can do to motivate participation once the leaders have deemed it
important to assess the project). Here we summarize some of the themes across the 5 projects we
have analyzed in-depth to date.

Common Strengths. Four of the five projects had very high levels of respect for the project
manager or core leaders. People were generally thought to be collegial, helpful and collaborative
(with one notable exception below). Two mentioned explicitly that they had a feeling of group
self-efficacy, the ability to overcome obstacles as they arose. One of the projects with the highest self

rating of success was high on all three kinds of trust (that others are responsive, do good work and

30 communities.cisco.com/docs/DOC-26054
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will look out for their interests). Their goals were aligned, unlike many of the weaknesses reported
in the other projects. Two were high on recognized good communication plans, with planned face-
to-face meetings, regular conference calls, and good use of email.

Common Challenges. Unfortunately, there were many more aspects in common in the
list of project challenges. Two projects had clear issues with goals not being aligned (in one case,
respondents reported that some people gave and others were “free riders,” happy to receive but not
willing to give). All had concerns about some aspect of trust, primarily about not being able to rely
on those who were remote, and in one case severe loss of personal trust. That is, in one project, it
was clear that in general respondents were mixed about how collaborative and trustworthy their
colleagues were, and one person, likely the perpetrator of the mistrust, rated everything low. In gen-
eral, some of the mistrust arose from financial distributions that were seen as unfair or uncertainty
about how the resources would be distributed or credit assigned. Two projects had outstanding legal
issues as well, primarily involving intellectual property

Four of the five projects reported significant issues with vocabulary, including a case of a
team with participants whose native language is not English coupled with others using jargon.
In one case, a number of participants reported that the vocabulary problem was serious because
it was generally unrecognized. The fact that the work was often ambiguous and non-routine (as
is true in many new endeavors in research, both in academics and industry) created challenges to
communication. Only one of the projects recognized that the easiest part of the collaboration was
each working on its own independent “core,” but that the difficulties sprung from their integration
into a whole.

'The surprise is the number of difficulties people report using technologies. Straight techni-
cal difficulties arose with the current difficulty in setting up most video conferences, and platform
incompatibility for file sharing and calendaring. But more of the difficulties were social habits sur-
rounding the technology. Most of the discomfort arose in email from not getting responses when
expected, and having difficulty arranging times for synchronous communication.

Many of the other challenges had to do with uncertainty about direction, support, engage-
ment of remote participants, and unclear determinants of decisions. This underscores the challenge
of distance to management; while many things are transparent when people are collocated, every-

thing takes more explicit effort for clarity when people are distributed.

11.4 THE WIZARD AS TRANSLATIONAL RESEARCH

The CSW is an HCI example of translational research; we wish to bring the results of our re-
search into practice. Such translational research is a major theme in medicine, as evidenced by
NIH’s creation of over 60 Clinical Translational centers, like the one we studied at the University
of California. Translational research frames an important challenge for HCI researchers. In some

cases, there is a clear route. For example, a new interaction technique may appear in a commercial
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product or researchers develop a technical toolkit that makes other developers’ work easier. In other
cases like participatory design and action research, research and practice are tightly linked through
direct interaction. Translating theory into generalizable practical interventions, especially in richly
socio-technical or organizational aspects of HCI, remains difficult. But our experience with the
CSW suggests that the effort can be fruitful.

'The additional benefit of providing the CSW to a wide audience, all of whom can be helped
by the analysis, is that we as researchers then can aggregate large amounts of data. These data can
in turn generate more findings, such as which of the myriad of factors we ask about are the most
critical, and which trade off with each other. Doing translational research, if tightly coupled with

research itself, can be a win-win. For more discussion of this, go to (Bietz et al., 2012).

11.5 CONTACT RE THE WIZARD

If the Wizard seems like something that would be useful for assessing your project, go to www.
hana.ics.uci/wizard/ for more information and a form for applying to use the Wizard. Also feel free

to contact the authors of this volume (jsolson@uci.edu, gary.olson@uci.edu).



www.hana.ics.uci/wizard/
www.hana.ics.uci/wizard/
mailto:jsolson%40uci.edu?subject=
mailto:gary.olson%40uci.edu?subject=
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CHAPTER 12

Summary and Recommendations

In the previous chapters we described much of what is known in the literature and from our own
observations about the factors that make distance work difficult.

Simply put, if the distributed team:

* assigns independent work modules to locations so that infrequent communication

done through lean media is sufficient;

* is made up of people who have worked together and have common ground and work

styles;
* who like working together;

* who adopt an explicit management style that makes decision making clear, promotes

an open, inclusive atmosphere, and has details worked out; and

* use technologies to support communication, coordination, the sharing of data/knowl-
edge, and is supported by an infrastructure powerful enough (both networking and

computation),

then it is likely that this team will succeed. This situation is rare.

A distributed team is more likely to:

* be working on new things for which require constant communication to work out the
details;

* be made up of people from different backgrounds, both to get diverse ideas generated
and to fit the product or service to the people it is designed for;

* be put together by management or dictate from a funder;

* be casual about the specifics of management and oblivious of the important kinds of
information they are no longer privy to because other members are “out of sight” and

therefore “out of mind;” and

* choose technologies they are used to, like email, missing the opportunities afforded
by others (like shared documents and calendars, standardized repositories for shared

data), and not supporting rich communication technologies when they are most

needed.




106 12. SUMMARY AND RECOMMENDATIONS

These teams will encounter stresses that interfere with success, and, sadly, either meet the
challenges or fail.

In what follows, we first list the kinds of general stressors distributed teams encounter and
then address the practical recommendations this research suggests. We provide recommendations
at three levels: To the individual who is a member of a distributed team, to the manager of a dis-
tributed team, and to the institutions that support distributed teams. These recommendations are

our attempt to provide research findings that are useful.

12.1  WHAT ABOUT DISTANCE MATTERS?

Many of the implications of the preceding chapters about the nature of work, common ground,
collaboration, management, and technology support are simply “good management.” What is
particularly difficult about work where people are in different locations make these recommen-

dations special?

12.1.1 BLIND AND INVISIBLE

When working with people at distant locations, team members and managers are invisible to
those at other locations. And, symmetrically, individuals are blind to the actions and situations
of the distant others. This means that all necessary information must be communicated explicitly.
As described in the chapter on Technology Readiness, this means both deliberate communication
through heavy use of email or blogs or wikis (asynchronous) or chat, and audio or video confer-
encing (synchronous). And, coordination must be explicitly arranged; it is almost impossible to
have a spontaneous meeting, one that would, for example, discuss next actions in response to some
unexpected event.

Second, people working with remote colleagues often are unaware of the detailed context of
current work. Without explicit communication, remote others do not know what individuals are
working on, what their roadblocks and challenges are, and how they can help or be helped. There
is no “looking over one’s shoulder.” All of the work awareness must be tracked explicitly, requiring
both an explicit act of recording (like putting activity in a repository that tracks who is doing what,
like GitHub, or using Google Docs with revision history) and looking at the record to see what has
changed recently and who changed it.

There are additional issues of awareness not about the details of work but about the high-
er-level conditions of work. We mentioned two of these instances previously: the meeting the
manager scheduled was during a blizzard at one location, making it hard for those people to either
participate or request a reschedule; and another meeting that continued long into the time which
the remote location (France) normally did not work (Friday afternoon). Conversations that include

people at the “home” location (headquarters or often the location with the largest number of peo-

ple) blithely include references to weather, politics, and sports familiar to their local participants but
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not to those in remote locations, creating an implicit imbalance of power and status because those

at the home location are seen as part of an in-group, those remote are the out-group.

12.1.2 TIME ZONE DIFFERENCES

Often, working with people in different locations involves time zone differences. It can range from
being an hour off to having no overlap in people’s working days. The former merely requires calcu-
lations to accommodate the inconvenience of interfering with one’s lunch or day’s end; the other

requires difficult scheduling and someone being inconvenienced.

12.1.3 CROSSING INSTITUTIONAL OR CULTURAL BOUNDARIES
In science, many large-science projects involve a number of organizations, each of which is likely to
have its own institutional procedures and regulations, down to the simple differences in the Insti-
tutional Review Board policies to severe, show-stopping differences in how intellectual property is
viewed. In the corporate world, many long-distance teams reside in the same institutions, where the
rules are the same, but the local interpretations might differ. In the non-profit world, it is common
to have a mix of distant people within the organization but then partnered with local civic organi-
zations, which also have different rules and expectations.

Of course, very long-distance collaborations then also often involve crossing national cultural

boundaries, which have even more striking differences and violations of expectations.

12.1.4 UNEVEN DISTRIBUTION AND THE CONSEQUENT IMBALANCE
OF POWER OR STATUS

Although not universal, when there are distributions of people such that there are some locations
with only 1-2 people, the small locations often enjoy less status or power. The location with the
larger number of people is often “headquarters,” where the culture dominates and because the re-
mote people are few, the fact that they are “out of sight, out of mind” reduces their perceived status

and therefore power (O'Leary and Cummings, 2007).

12.2 RECOMMENDATIONS

In what follows, we outline the recommendations for people who are on teams that have remote
members. In the first section, the recommendations are targeted to individuals who are on distrib-
uted teams. The second section is for managers of distributed teams. The third is for people in a
role in an institution where they affect policy about infrastructure, rules of engagement, etc. All of
these are built on the literature reviewed in the previous 11 chapters, summarized most succinctly
in Table 4.1 in Chapter 4. In each section, we group the recommendations around the five major

clusters of factors, as appropriate.
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12.3 RECOMMENDATIONS CONCERNING THE INDIVIDUALS
WHO ARE MEMBERS OF A DISTRIBUTED TEAM

12.3.1 COLLABORATION READINESS
Individuals who work best in distributed teams are those who on personality inventories score high
as extroverts and have a social intelligence that suggests they will monitor and respond appropri-
ately to actions and attitudes of others on their team. Individuals who do not have these traits or
behaviors are best to recognize the difference and seek assistance in dealing with others. An addi-
tional important behavior is being trustworthy. Trust is an important binder of a team, especially
those who have infrequent contact. Therefore, behaving in a way that engenders trust is vital.
Another key factor to the success of distributed teams is the motivation of individuals to
work with each other. Sometimes the motivation is intrinsic; some of the successful collaborations,
like Zebrafish Information Network (ZFIN), involved people who were schooled together, had
a common cause in honoring their advisor, and liked working together. Motivation could come
from believing in the goal of the project; it could come from incentive structures set by the higher
organization, which involve credit on performance review. This latter factor involves decisions on

policies determined at the organizational level, discussed later.

12.3.2 TECHNICAL READINESS

Working on a distributed team involves communication and coordination through technology, like
email, audio/video conferencing, and more sophisticated technologies for scheduling and coordi-
nating output, such as documents or data. There are two components to this: a disposition to learn
new technologies and the training appropriate to make the learning easy. At the individual level is
the openness to explore new ways of working that make explicit actions that one normally doesn't
have to think about. And then the individual has to commit the time to learn the new technologies,
both to get started and then to ask and share best practices as the technology is adapted to the work.
At the organizational level, of course, this also involves choosing the technology suite (see Chapter

9) that suits the work, is easy to use, and is compatible across applications.

12.4 RECOMMENDATIONS FOR THE MANAGER OF A
DISTRIBUTED TEAM

12.4.1 SELECTING PEOPLE FORTHE TEAM
In the corporate and non-profit worlds, teams are put together primarily by a manager trying to
get the right expertise on the team, secondarily because someone is a good team player, being ex-

troverted and with a good social intelligence, described above. Trustworthiness might or might not
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play into the selection decision, if indeed this is known. In academia, individuals either self-select
into a team or are asked by other researchers to collaborate. As in the corporate and nonprofit
worlds, most likely this is because of a particular area of expertise, not because they are particularly
good at being a team player. A recommendation following realization of how important these in-
dividual factors are to team success might be to both assess these factors and put together the team

according to expertise and personality traits.

12.4.2 COMMON GROUND

Because the individuals are from different locations, their experience bases are likely to be more
different than those individuals who are collocated. This is both good and bad. If they have worked
together successfully in the past, they are likely to have worked out vocabulary and working style
issues. If not, then it is recommended that they engage in activities where establishing common
vocabularies and work style are explicit goals. Working through a Covenant relevant to these topics
is recommended. This is especially important if the team members come from different institutions
and/or cultural backgrounds. Explicit assessment of habits and expectations and follow-on discus-
sions of difference and ways to resolve differences is highly recommended. As mentioned earlier,

assessment through GlobeSmart™

can provide both assessment and guidance.

If the team involves members from different disciplines, or sometimes even different sub dis-
ciplines, it is important to work on shared vocabulary and concepts. We reported earlier on examples
where a dictionary of terms was developed early so such differences could be overcome. Using the

same words to mean different things, or not even knowing some terms, can easily derail a project.

12.4.3 COLLABORATION READINESS

Individuals on a distributed team may have intrinsic motivation to work together, either through
personal ties or realization that they need each other’s expertise in order to succeed. Both of
these behaviors generate respect; when people feel they are respected, they are more likely to be
motivated to contribute. If these conditions don’t hold, then it is recommended that the manager
design explicit motivators for the team, including group rewards and individual incentives that
reflect how well the person contributed to this team. Some people adopt a “360° review,” in which
individuals are evaluated not only by those who manage them, but also by their colleagues and
those who work for them.

Two other activities are recommended for managers to bolster the chance of their teams’ suc-
cess. First, since trust is slow to develop in a distributed team (there are fewer occasions for people
to get information about how trustworthy someone is, and the ancillary activities of getting familiar
with a person’s personal life are fewer), managers should generate occasions for exercises or activi-
ties for developing trust. In the corporate world, this sometimes involves ropes courses where team

members help each other through physical tasks. It could also involve less elaborate sessions where
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people are encouraged to talk about their non-work lives, where they share things about themselves
that indicate vulnerability, an essential ingredient to trust. This is one of the primary reasons to have
a face-to-face meeting of all participants at the outset of a project.
The second, related team attitude that helps ensure success is group self efficacy, an attitude
of “we can do it.” This attitude provides incentives for people to do extra work/contributions when

obstacles arise. Again, team-building exercises can help engender this attitude.

12.4.4 THE NATURE OF THE WORK

Whether the work is routine or not (where people know what to do and what others are doing
to coordinate their work) is one determinant of whether the distance collaboration is going to be
successful or not. Second, if the work can be divided into modules so that most of the coordination
and discussion happens among people who are collocated, success is more likely. In a hierarchical
organization, the role of designing the work to fit the locations falls to the manager. In less struc-
tured organizations, like academia and some non-profit organizations, this recommendation falls to
the team members themselves, their project manager, if there is one, and/or their oversight board.
Because of the stresses of distance to awareness, communication and coordination, the design of the
work is critical. The more that essential communication is required across locations, the less likely

the collaboration will be a success.

12.4.5 MANAGEMENT

Most of the category on Management and Decision Making are prescriptions for the manager of
a distributed team to help the team achieve success (see Chapter 8 for details). To highlight some
of the more important ones, we recommend a number of explicit activities. Helping the individuals
come to agreement about their goals, agreeing to the overarching group goal while acknowledging
the secondary individual goals is paramount. Aligning the reward structure to fit the group goal
additionally ensures that people will understand the priorities of the project and how their behavior
affects their personal rewards. Developing an explicit management plan (roles and responsibilities)
and outlining how the team is expected to communicate and coordinate helps the team members
act appropriately. Having the decision-making process open, free of favoritism, and inclusive both
engenders trust and encourages motivation to contribute to the goals.

One of the important management activities for distributed teams occurs in meetings. First,
wherever the manager resides is often considered the seat of power, especially if a majority of the
team members are collocated there. Meetings present a challenge because of the unreliability of
video/audio conferencing, and the lack of cues about who would like to speak next or people’s
reactions to what is being said. The manager must explicitly solicit commentary and contributions
from everyone, even polling locations for commentary. Not only does this ensure that needed

information and opinions are heard, but also those at the lesser locations feel respected for being
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asked. Also, with meetings among people who reside in disparate time zones, it is important that
the manager make fair the inconvenience of working outside of regular work hours to participate
in the real-time meeting.

It is essential that the manager be proactive in finding out what people are up to. In a col-
located setting, this is done by management through walking the hallways. In a distributed team,
this requires regular contact with all team members. Frequent e-mail checks, IM chats, voice or
video contacts, are all critical. This also helps team members know that they are valued members

of the collaboration.

12.4.6 TECHNOLOGY READINESS

Part of putting together a skilled team is selecting those who are comfortable with existing tech-
nology and willing to learn and adapt work practices to new technologies. In addition, providing
adequate training and ongoing support will make the use of the required technologies easier. There
are also resource issues in providing the technology necessary for successful distance work—the
shared repositories, the video-conferencing, the shared calendars, etc. that have the right price and
the required security. As noted in Chapter 9, non-profits may have the hardest time with the re-

source issues, and corporations with the security issues.

12.5 RECOMMENDATIONS FOR AN ORGANIZATION THAT
WISHES TO SUPPORT A DISTRIBUTED TEAM

A number of the issues faced by the manager of a distributed team fall at the organizational level.
For example, the incentive structures a manager can use are often dictated by the organization. The
culture of collaboration/competition is often a result of the entire organization or even profession,
not in control of the manager. And, often the project design, designating how many people are at
each site is dictated by the organization, not the individual manager. And, budget for technical
capabilities and support is often dictated by the project budget, which is ultimately determined by
the funding agency or the organization. It is incumbent on the project manager to argue for the
importance of these factors, but often it is the keeper of the funds who makes the final allocation.

When multiple organizations are involved, as if often the case in long distance collabora-
tions, then there are additional issues to work out. It is at this level that we see explicit activities
around aligning the goals of the project, fitting the institutional-specific goals into a secondary role.
There may be legal issues that have to be negotiated, and financial issues as well (even down to the
distribution of allocated funds being done differently in different countries). In academia, in large
projects, there is the matter of who gets credit for the results, not just the publications, but at the

organizational level, who gets credit for the funding award and who owns the intellectual property.
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12.6 INTHE FUTURE, WILL DISTANCE STILL MATTER?

As we noted in Chapter 1, the Institute for Corporate Productivity reports that 67% of compa-
nies with 10,000 or more employees anticipate increasing their use of virtual teams. And, 35% of
the respondents rate management of these teams as a top challenge. Because so many people are
experiencing distance work, there has been a great deal of progress in the last few years in each of
the key areas.

More managers are realizing the success in dividing the work and assigning it to locations so
that there is less of a need for heavy communication and coordination across sites. And, we see an
increasing discussion of the value of having face-to-face “kick-off meetings” at the start of a project
so that discussions about goals and operating procedures are easy and that in the oft-times, socializ-
ing happens that builds trust. If teams are multi-disciplinary, some attention is paid to developing a
common vocabulary, and creating an open atmosphere so that people are encouraged to ask if they
don’t understand something.

We have also seen more attention paid to crafting the incentives so that individuals are re-
warded not only for their own performance but also for the performance of the team. This encour-
ages people to assess how the team is progressing and look for opportunities to help those who are
behind. Some organizations are investing in team exercises that engender trust, like ropes courses
and exercises where the team builds something physical together collaboratively. Again, these ses-
sions not only build trust, but also help people build a sense of helping others succeed.

On the academic front, funders are asking for management plans, and some large projects are
hiring project managers, people skilled more in the management of the project than in the content.
There is a growing market for books about how to manage virtual teams (e.g., Virtual Teams that
Work (Gibson and Cohen, 2003) and Virtual Team Success (DeRosa and Lepsinger, 2010)).

And, where teams cross cultural boundaries, some teams are assessing their perceptions and
assumptions through “GlobeSmart” assessment tools, and engaging in team activities that reveal dif-
terences and work through ways to find a middle ground. For teams that include people in wildly dif-
ferent time zones, some adjust their work schedule so that synchronous communication is possible.

On the technology front, there are more ways for people to be online even though they are
mobile, creating both awareness and common ground. Knowledge management is made easier
with Sites, wikis, Google docs, and Dropbox. People have developed and adopted a number of
applications for awareness support through social computing sites like Facebook, chat, and free
video like Skype and Hangouts. Google reports success on some distributed teams, for example,
keeping Hangouts open continuously, mimicking the research prototype of Portholes from the
1990s (Dourish and Bly, 1992).

In spite of all these advances and increasing awareness of the difficulties in distance work,

distance still matters. Four related areas stand out: (a) being invisible and blind; (2) having to de-

velop trust; (3) crossing cultures; and (4) accommodating non-overlapping work hours.
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Without open video connections, where the distributed team members are no longer blind
and invisible, it is too easy to forget about them. Out of sight, out of mind. Without co-presence
or open video, all communication must be deliberate. In our own experience, even being experts in
this area, we come to a meeting that includes remote participants with documents to pass around,
forgetting to send them to the remote people. We then take time to do that in the meeting and
incur the inevitable delay. When people are on speakerphones, they have trouble indicating they'd
like to speak, and we forget to ask them to contribute.

Since trust is developed through interactions both about work (being trustworthy in get-
ting the work done on time and with high quality) and about personal life (finding that others
have the same out-of-work stressors, challenges, and joys that you do), trust is hard to develop
long-distance. Like being invisible and blind, trust takes explicit effort. It doesn’t come free like it
does when one is collocated.

Working with people from other cultures continues to be a challenge for a number of reasons.
Some individuals who are low on the personality factor of social intelligence may just not see the
differences and continue to act in ways that create difficulties. Even those who do have high social
intelligence, understanding others who have very different perceptions and habits require effort and
knowledge about how to come to a common understanding or appropriate action.

Teams made up of people in very different time zones have smaller windows of time to
communicate in important ways synchronously. Someone needs to accommodate in order to create
some time for clarification and sharing. The pressures are also often accompanied by power differ-
ences, with the lower status location having to accommodate, incurring the inconvenience.

So, the simple answer is that in spite of the important advances in technology and man-
agement and participation practices, distance will still matter, but not as much. The effort to
accommodate to all these stressors is worth it, and in time it will get easier. And we should not
lose sight of the important dictum of Hollan and Stornetta (1992), who argued that technology
may make possible things that are impossible in face-to-face settings yet have considerable value

to collaborative activities.
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