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a b s t r a c t

The majority of research on science gateways has focused on technological tools. However, the teams
behind the tools also play a critical role in determining whether science gateways are successful. This
article reports 12 social and organizational practices of successful science gateways and cyberinfrastruc-
ture (CI) projects that emerged out of an analysis of 98 interviews with domain scientists, computational
technologists, and supercomputing/research center administrators across the US and some in EU. Social
practices include seeking multidisciplinary expertise, setting shared goals, using common language, hav-
ing bridging liaisons, establishing productive routines, andmeeting face-to-face. Organizational practices
includedemonstrating altruistic leadership, having clear roles, engaginguser feedback, raising sustainable
funding, growing organizational capacity, and maintaining personnel continuity. By asking a series of
simple questions for reflection, science gateway teams can generate strategies to increase their likelihood
of successful outcomes.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Science gateways aim to improve research, collaboration, and
data sharing by lowering barriers to doing e-science. Historically,
e-science emerged from high-performance computing (HPC) and
data-intensive research in the cyberinfrastructure (CI) commu-
nity [1], where users needed to master computer programming in
addition tomaintaining domain expertise. The need for two highly
specialized skillsets and expertise has made the widespread of e-
science a challenge. Science gateways present a solution to this
challenge.

Science gateways are ‘‘community-specific set of tools, appli-
cations, and data collections that are integrated together via a
portal or a suite of applications, providing access toGrid-integrated
resources’’ [2]. In other words, good science gateways reduce the
need for programming knowledge and enable data integration
more easily, thereby enabling a wider range of domain scientists,
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citizen-scientists, science educators and students to participate
in e-science and HPC. The promise of doing big data science on
desktop computers via science gateways has driven new users’
interest in science gateways such as nanoHUB [3], CIPRES [4], and
the Galaxy Project [5]. Creating and maintaining these platforms
requires strong teams and effective organizations.

However, the majority of the studies on the topic of science
gateways and CI projects has focused on features of particular
platforms and how gateways are integrated with other software
and within the larger CI framework. As Lee, Dourish, and Mark [6]
summarized in 2006, ‘‘few studies have focused on coordination
and social practices within a cyberinfrastructure’’ (p. 3). This is
a critical problem, because the success of a science gateway or
a CI tool is not purely technological; social and organizational
factors play a role in how a new tool becomes adopted and im-
plemented within the larger community [7]. Science gateways and
CI projects face tremendous challenges in organizing, innovating,
and diffusing technologies. The hardest challenges are often the
‘‘soft foundations’’ [8] – ‘‘work practices. . . the nature of research
collaboration, and institutional imperatives’’ (p. 1).
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In the interviews that we conducted for the study we found
most science gateway team members were keenly aware that
social and organizational dynamics paid dividends. One of our
first informants on this project was an administrator from South
Carolina with experience in information systems. She empha-
sized that teams play an equal role as the technology itself in
influencing its adoption and diffusion: ‘‘There is a great benefit
if the. . .organization and investment in scientific IT [information
technology] are in harmony and coherent,’’ she told us (16 Novem-
ber 2013). ‘‘You get your best bang for your buck’’. Inspired by
her observation, we set out to identify best practices employed
by teams to organize, innovate, and diffuse successful science
gateways and CI tools to support e-science.

In this study we treat science gateways as a subset of CI tools,
and consider the social and organizational practices discussed
applicable across subsets and levels. For this task, we looked to
the science gateway and CI community and asked the research
question: ‘‘What do stakeholders describe as important practices of
successful science gateways and CI projects to develop, implement,
and diffuse new tools?’’ There are different ways to define what
a successful gateway looks like, such as having a large number
of users, a range of software/applications, and/or a long history
since inception. Many of the projects discussed by informants do
have these qualities, although we focused on exploring successful
tools that have gotten adopted beyond the inception projects and
diffused from one e-science project to another.

2. Methodology

A set of 98 in-depth interviews was conducted with a diverse
range of stakeholders, includingdomain scientists as users, compu-
tational technologists as developers, and supercomputer/research
center administrators as facilitators across the United States (n =

93) and European Union (n = 5). Among those in the United
States, a total of 26 states were represented, with the top three
states being Illinois (n = 19), Indiana (n = 16), and California
(n = 13). Disciplinary backgrounds, broadly defined and many are
interdisciplinary, range from life, biological and chemical sciences
(n = 24), environmental and physical sciences (n = 15) to electri-
cal and mechanical engineering (n = 10), information, computer
and computational sciences (n = 35), and others (n = 14). The
gender of participants was 76% male (n = 74) and 24% female
(n = 24).

These stakeholders represent science gateway team members
and CI practitioners in a variety of categories: developers or tech-
nologists (n = 27), userswho are predominantly domain scientists
(n = 25), administrators with early career backgrounds in domain
sciences and/or computer science (n = 36), liaisons such as
educators or outreach staff (n = 4), and scientist-developers (or
user-developer), who are domain scientists that develop their own
tools; a hybrid of domain scientists and technologists (n = 6)
(see Fig. 1 for a visual representation of each category). The first
interview was conducted on 16 November 2013 and the last one
on 29 July 2015. Sixty interviews were conducted in person at
four conferences: Supercomputing 2013 in Denver, XSEDE 2014 in
Atlanta, Supercomputing 2014 in New Orleans, and XSEDE 2015
in St. Louis. Thirty-eight telephone interviews were conducted
year-round based on simple random sampling technique (using
a random number generator) and the conference speaker lists of
XSEDE conferences in 2013, 2014, and 2015.

Questions drawn from the interview protocol can be found
in Appendix. These questions did not target practices related to
science gateways only. Rather, participants discussed gateways as
part of their work with CI. While all informants work for a home
university, many are and/or have involved in multi-institutional
and distributed collaborations. Therefore, the science gateways

Fig. 1. Cyberinfrastructure stakeholder types represented in sample.

and CI projects described in the interview protocol and data are
often referred to as ‘‘virtual organizations’’. We used the term
to refer to both the group creating the gateway (i.e., the source)
and the group adopting the gateway (i.e., the adopter), as we
define the success of a gateway by whether it has been adopted
beyond the inception project. Furthermore, although there were
interview questions that asked about failures, we decided to focus
on what science gateway teams can do to promote successes,
because informants told us that they are frustrated with reading
social science research that only points out the problems, but never
offers practical strategies to resolve the problems. Given that the
allowable space of an article does not permit the discussion of both
the problems and the strategies, we opted to focus only on the
strategies in this article.

Methodologically, we adhered to principles of grounded the-
ory [9,10], a social science approach designed to qualitatively in-
vestigate an emerging phenomenon. First, grounded theory allows
flexibility in study design to follow the guidance of the informants
in exploring the research topic. Staying true to grounded theory’s
embrace of reflexivity, the interview protocol expanded to include
new questions after interviewing the informant from South Car-
olina quoted earlier. Subsequently, we asked informants to reflect
on what defines a successful team that creates and spreads science
gateways and/or CI tools beyond the inception projects. Semi-
structured interviews were guided by a pre-designed protocol;
this semi-structured nature allowed for flexibility to adapt to each
informant’s core interests and unique background.

Grounded theory stipulates that themes arise inductively from
the text and are given conceptual labels, a process termed ‘open
coding’. Next, we used ‘axial coding’ to compare coded themes
that have been produced, consolidating where necessary to find
common themes, and identifying relationships between themes.
Finally, via ‘selective coding,’ the themes clustered to form two
inter-related sets of practices (i.e., social and organizational) to
describe successful science gateway teams and CI projects. We
followed Owen’s principles of reoccurrence, repetitions, and force-
fulness to select themes [11].

Verbatim interview transcripts were coded and analyzed using
NVivo [12], a qualitative analysis software. NVivo permits social
and organizational science researchers to systematically code se-
quences of text for common themes. These codes can be analyzed
and refined according to thematic similarity. In order to ensure
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confidentiality of informants, only professional roles, work loca-
tions, and interview dates are stated in the article to introduce ex-
cerpts. Names of projects, gateways, and tools are omitted except
for specific practices and insights discussed.

During the interviews, informants discussed the relationships
with their work, teams, and institutions. Therefore, both social and
organizational responses arose fromdata analysis. ‘Social practices’
refer to activities that strengthen social relationships. ‘Organiza-
tional practices’ capture activities of successful CI organizations.
When we use the terminology of ‘science gateway team,’ we refer
to the integral group of domain scientists, computational tech-
nologists, and center administrators involved in the development,
implementation, and diffusion of science gateways during the in-
cubator phase. Some of the interviews focused mainly on science
gateways, and some others on open-source computational tools
and CI more broadly. The next section presents the resulting social
and organizational practices that emerged from the analysis.

3. Social practices

3.1. Seeking multidisciplinary expertise

Successful gateways and CI projects often have a team of mul-
tidisciplinary experts as collaborators. Multidisciplinary expertise
is necessary because problems pursued by these projects do not
neatly fit within a single discipline. Science gateways are often
‘boutique’ solutions for specific problems. A domain scientist from
Indiana in bioinformatics and life sciences told us, ‘‘You’re always
doing multi-institutional, multi-[disciplinary] collaborations’’ (21
April 2014). He provided the example that to record and analyze
a songbird’s call required data specialists, zoologists, and audio
engineers. These collaborators are also likely to be from different
universities and locations.

Similarly, a computational technologist from Illinois sought
multidisciplinary expertise when repurposing a platform to a new
domain. ‘‘What we usually do is we partner with someonewho is a
subject-matter expert’’, he recalled (24March 2014). ‘‘That enables
us to apply tools and technologies developed in one domain into a
whole newdomain’’. A gateway team can reflect on this practice by
asking, ‘‘Do we have the right combination of expertise and perspec-
tives to create a robust tool in order to address the scientific problem?
Do we have the right combination of expertise to extend a robust tool
into a new domain?’’

3.2. Setting shared goals

Successful gateways and/or CI projects usually established
shared goals among diverse groups of multidisciplinary collabo-
rators. While collaborators may have personal goals, successful
teams usually are able to create a larger plan that hold the team
together. A center administrator in California stated, ‘‘A lot of it
goes back to the notion of shared objective or common objective. I
used to think that money plays a big role. Money plays a role, but
actually the objectives are more important’’ (21 November 2013).

A strategy for setting shared goals is to first choose who you
want to partner with, and then collectively decide what you want
to partner on together. One mistake is for principal investigators
(PIs) to first set a personal goal for a project, and then find mul-
tidisciplinary collaborators to carry out his/her pre-set goal. Many
highly capable collaborators have their own aspirations, which can
lead to goal misalignments at a later time. In such a case, the PI can
better promote shared goals by listening for feedback regularly and
be open to incorporating new goals.

Otherwise, diverging goals can lead to serious conflicts in the
short-term, and project misalignment in the long-term. A domain
scientist from Utah explained, ‘‘We will run into conflicts where

the [computational technologist] wants to take the code one way,
and I actually want to take it another way, or not take the code but
the research [another] way’’ (22 April 2014). A technologist may
want to test a new coding technique in the project, while a scientist
may prefer an established technique to tackle a new scientific
problem. Testing a new coding technique in a new scientific study
is innovative for the technologist, but it puts the science at a higher
risk for failure for the scientist. Using an established technique is
safer for a scientist, but it does not advance a technologist’s aspi-
ration. A computational technologist in Indiana used a metaphor
to describe this problem, ‘‘[It is] like laying a railway track. . .but
what happens is. . . this track comes this way, because there is an
offset. They don’t line up’’ (18 November 2013). A gateway team
can reflect on this practice by asking, ‘‘Arewe all heading in the same
direction? Can everyone’s personal goal also bemet through achieving
the common goal(s)?’’

3.3. Using common language

Successful gateway teams generate a common language that
keeps everyone on the same page. Clark and Brennan [13] ob-
served that common language becomes particularly important in
instances where common ground – ‘‘mutual knowledge, mutual
beliefs, and mutual assumptions’’ (p. 222) – cannot be assumed.
In otherwords, communication becomes an importantmechanism
through which collaborations are negotiated, particularly in e-
science teams that span disciplinary, institutional, and geographic
boundaries. A common language, then, is based in mutual under-
standing of terms that can have particular meanings to different
disciplinary experts. For example, a chemist in Texas explained,
‘‘We need to make an effort to understand each other’s language,
because usuallywe speak in jargon that is not verywell understood
by other communities’’ (10 June 2014). She further elaborated,
‘‘Or, we have the tendency to look at problems from [a] particular
point of view. It may be the same problem, but a [computational
technologist] looks at the same problem in a different way than
me’’.

Speaking different terms and jargon not only makes commu-
nication within the team difficult, it also implied diverging per-
spectives on the same problem. Similarly, to navigate the lack of
common ground, an EU center administrator with a background
in physics noted the importance of creating a common language,
‘‘I was involved with a neuroscience project where the idea of a
point had. . .many different meanings depending on whether you
were one type of neuroscientist, another sort of neuroscientist, the
implementers, [or] the designers’’ (18 November 2013). He contin-
ued, ‘‘Likewise, a grid had a very different meaning depending on
where you were coming from’’.

As the previous two themes established, gateway teams are
often multi-disciplinary, multi-institutional, distributed, and het-
erogeneous. There is naturally not much common ground to begin
with. In such cases language is a way for diverse teammembers to
establish common ground while taking advantage of the different
technological, scientific, and social expertise with the project. A
gateway team can reflect on this practice by asking, ‘‘Do we have
a common language for understanding each other? Do we use termi-
nologies we all understand?’’

3.4. Having bridging liaisons

A successful gateway also usually has a liaison or a bridge
person between groups of domain scientists as users and compu-
tational technologists as developerswithin the inception project. A
center administrator in Indiana shared, ‘‘[M]y goal,mypurpose, the
role I was playing was – I was trying to teach the [computational
technologist] the domain aspect. . . I always played that role; that
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bridge role’’ (18 November 2013). This informant saw himself as
the translator, the communicator, and the glue between users and
developers on the same project. The users often do not know
enough about computational science to know what is possible to
be developed for their science. Also, the developers often do not
know enough about the domain science to develop a useful tool
for the users to do work in science.

In fact, a center administrator with expertise in physics in the
EU strongly believed the need for a bridging liaison and com-
mented, ‘‘So in the most successful e-science projects I’ve seen,
there’s always been this sense of someone. . .who is bridging the
gap’’ (18November 2013). Having a bridging liaison is repeated as a
critical practice in successful projects. A science gateway team can
reflect on this practice by asking, ‘‘Dowe have a transdisciplinary in-
dividual who can bridge the gap between the users and the developers
on the same team in order to create a robust tool?’’

3.5. Establishing productive routines

As science gateways and CI projects are often full of changes and
interruptions, especially if the collaboration is multi-institutional,
and the team is virtual. Therefore, another key practice is having
productive routines to overcome these challenging conditions.
Maintaining routines can help bring core stability to the ongoing
operations. For example, it helps make the best use of everyone’s
time to hold shorter, regular meetings instead of long, infrequent
meetings. A center administrator in Ohio said, ‘‘The end of the
month is the committee meeting, we decide action items. [And]
there is amid-month email kick-off’’ (19 November 2014). For him,
regularitywasmore important thanoverall time spent inmeetings.
His center also maintained a common document repository and
project plan, so teammembers could quickly get up to speed if they
missed a meeting to make the most of their time together.

Establishingproductive routines is evenmore important for dis-
persed teams and virtual organizations. A computational biologist
in Louisiana further explained that having routines helpsmembers
make concrete commitments to work in virtual collaborations.
‘‘[T]his worked in that it forced us to schedule things and do things
a little more formally. . . [We] had weekly meetings, so we had
weekly timelines’’ (22 April 2014). He further clarified, ‘‘[I]t was
critical to our process that we really structured and organized
ourselves because we were at remote sites. And we had to make
some real solid commitments’’. A computational environmental
scientist in Illinois concurred, ‘‘[I]t is crucial – we personally try to
do weekly telecoms andmonthly webinars, and quarterly physical
meetings’’ (19 March 2014). A gateway team can reflect on this
practice by asking, ‘‘Are there productive routines (and timelines) in
place for the team?’’

3.6. Meeting face-to-face

While the participants in science gateways and CI projects
are highly technologically sophisticated, face-to-facemeetings still
adds value to these projects. A center administrator inWashington
commented, ‘‘We will get together for that kick-off meeting. We’ll
do that in person because there’s no substitute for getting to know
somebody, seeing the body language, [and] being able to work
on a white board’’ (28 July 2015). He then continued to suggest
a hybrid approach, ‘‘But after that, electronic collaboration tools
these days are phenomenal. You’re dealing with experts, typically,
they’re scattered around the globe. You know, [because the nec-
essary expertise is not always co-located] you take them where
you find them’’. Frequent face-to-face meetings are critical for a
project, even if the collaborators have a prior history of successfully
working together.

The practice of meeting face-to-face is important for building
collaborative relationships. A center administrator in Illinois ex-
plained, ‘‘[Y]ou don’t build relationships with purely Skype calls
or video conferencing’’ (20 November 2014). He continued, ‘‘It’s
the social side; building the teams that understand what you’re
trying to do [and] really buy into it. If you don’t have real sup-
port and understanding of the people you’re working with on the
ground, it’s pointless’’. In fact, a center administrator from Ohio
stated, ‘‘There is no such thing as a purely virtual organization’’ (19
November 2014) in science gateways and CI projects. A gateway
team can reflect on this practice by asking, ‘‘Are we strategically and
periodically building in face-to-face meetings into our routines?’’

4. Organizational practices

4.1. Demonstrating altruistic leadership

Successful science gateways and CI projects are usually led by
altruistic leaders who have community members’ best interests at
heart. They rise from, and espouse qualities respected by, the com-
munity. Even though projects are collaborative and decentralized,
a computational technologist from Georgia put it, ‘‘There’s still a
primary leader who has the great virtues of leadership. . . courage,
passion, and intellect... altruistic, doing what’s the best for every-
one, not for themselves’’ (9 December 2014). Having such a leader
gives collaborators confidence that the leader’s efforts are towards
shared goals of the team.

Altruistic leadership can also arise organically and from any
level within the team. A center administrator in California who
supported groups working with atmospheric and financial data
saw this process as being particularly prevalent in CI’s distributed
organizational structure. He stated, ‘‘In virtual organizations the
process is organic. . . a small number of people rise to become the
natural leader[s]’’ (16 November 2015). These individuals become
leaders because they aremotivated to solve problems and improve
the project. Often a motivated leader willing to dedicate time is
what a project needs. A gateway team can reflect on this practice
by asking, ‘‘Do we have altruistic leaders at multiple levels who are
motivated to solve problems and improve the project for the benefits
of the team?’’

4.2. Having clear roles

Successful gateways and CI projects usually assign clear roles
to strike a balance between enforcing a hierarchy and promoting
decentralization to strategically accomplish shared goals. Another
center administrator in EU, also with a background in physics,
explained, ‘‘[F]or the project I run, I amoverall in charge, and I bring
everybody together. There’s a sort of hierarchical structure where
people are in charge. I talk to five people, and those five people talk
to other five people’’ (18 November 2013). He elaborated, ‘‘The key
interactions are just between me and what I call the work package
leaders’’.

Everyone in a team needs a clear understanding of how their
work intersects with the work of others. In some cases, the larger
project guides the adoption of roles. As an administrator in Ohio
put it, ‘‘The virtual organization gives you roles and responsibil-
ities. By acquainting people with that, you give them a context
in which to operate’’ (19 November 2014). The reason his group
accomplishedwhat he termed ‘intense coordination’ and delivered
rapid response was because each individual was aware of their
responsibilities. A gateway team can reflect on this practice by
asking, ‘‘Is my role in the team clear? Dowe know each other’s roles?’’
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4.3. Engaging user feedback

A critical organizational practice of successful gateways and CI
projects is that the team constantly engages with key stakeholder
groups, especially the userswithin the inception projects aswell as
the broader users once the toolmoves beyond the incubator phase.
A center administrator in EU stated, ‘‘There are some cases where
it’s important that the use of the tools and the development of the
tools are kept in a very tight feedback loop’’ (18 November 2013).

The tight feedback loop is critical for users and developers
working in an incubator. The administrator quoted above elab-
orated that the first stage of science gateway development is to
prototype a tool based on the perceived needs of the users. He
pointed out a common mistake – ‘‘But [some projects] don’t have
that second stage of going back to the [users] and say, ‘This is
how we think it should work’’ (18 November 2013). He explained
the value of user feedback, ‘‘[S]oftware architects don’t get it right
every time. . . [By engaging user feedback] you might actually end
up with a better tool’’.

Another center administrator in EU who has a background in
computer science shared how his team engaged users for feedback
beyond the inception team, ‘‘During [a] project, . . .we released
more than 20 different versions of the core technology. [There]
was a very strong interaction with the domain scientist [user]
communities. . .Based on that, it was really a fast development
process’’ (21 October 2014). The practice of user engagement can
help speed the development of a tool. A science gateway team can
reflect on this practice by asking, ‘‘How are we engaging (internal
and external) users for feedback? How can we engage them more
frequently and strategically?’’

4.4. Raising sustainable funding

Successful science gateways and/or CI projects can obtain sus-
tainable funding from federal agencies. A computational chemist in
Texas articulated the problem well, ‘‘[I]f a project was funded for
five years or something like that, I have just seen a lot of projects
die before they had a chance to go through a lot of iterations to
be successfully used in a community’’ (24 April 2014). A successful
science gateway team engages in activities to ensure confidence
among existing users in not feeling ‘at risk,’ as in the case of a
project that dies because it runs out of funding.

Ensuring confidence in sustainable funding is also important
for users beyond the inception team. A center administrator in
Illinois who has more than 10 years of experience noted that the
feeling of stability is essential to broader user adoption. ‘‘People
have to believe that this is going to last’’, he said. ‘‘That means
they need to believe that there’s going to be a funding source
for continued development’’ (20 November 2014). Furthermore,
a center administrator in Indiana built on this point, ‘‘When you
have a successful project that is funded, several million dollars,
and you do a great job’’ (19 November 2013). He further clarified,
‘‘Then the [group of faculty researchers] is very likely to get other
grants coming because [the funders] know that now you have an
expertise and you already had successful projects, so why not just
give you more money next time?’’ This excerpt demonstrates the
phenomenon of success begets success, or the rich get richer. A
gateway team can reflect on this practice by asking, ‘‘Would it be
possible to bring in continuing funding to sustain the work? If not,
how can we create a bridge to our next funding?’’

4.5. Growing organizational capacity

Many of the collaborators on science gateways and CI projects
have competing demands (e.g., this is not their full-time project)
and/or insufficient expertise (i.e., the project does not have the

multi-talented staff member who can tackle all the necessary
work). However, successful science gateways are usually able to
develop and maintain enough organizational capacity. Capacity is
all the building blocks necessary for an organization to perform
and grow, such as expertise, knowledge, personnel, technologies,
policies, and funding [14].

Ideally a teamwants all of the available forms, although they are
rarely all available to a single project all the time. Growing capacity
is about using various strategies of flexible thinking, resourceful-
ness, and/or effective management to gain more fungible building
blocks of a project, thereby increasing the likelihood of successful
outcomes. A building block is fungible if it can be converted to
other forms of capacity. For example, a PImay obtain grant funding
but not have access to tools, technological expertise, or time in her
day. This PI can then spend her funding to bring on a technologist,
parlay the goodnews about this funding to getmore space to entice
programmers, or partner with another group with skills to offer.

A center administrator in the EU has been active in developing
science gateways. He noted that, ‘‘When the project started. . . [we]
got additional money, so [we] had opportunity to hire new people
thatmademore intensivework on the gateway’’ (21October 2014).
He found that he could increase his organizational capacity by us-
ing additional funding to draw on expertise of more collaborators,
who helped grow the capacity of the team.

The role of funding in organizational capacity is also critical
in turning funding into time, which according to many we inter-
viewed is the scarcest commodity of all. A computational technol-
ogist in Illinois, who is also a faculty with teaching responsibilities,
explained, ‘‘[I]f I don’t have the time to [work on a gatewayproject],
and thatmoney canmeanbuyingmy timeout [from teaching] to do
that’’ (15 July 2014). He elaborated, ‘‘[Otherwise], we can have an
idea for a great collaboration in place, but it’s not going to happen’’.
Funding can turn into human and technical resources. A gateway
team can reflect on this practice by asking, ‘‘Dowe have the (human,
technical, and financial) capacity to carry out the project?’’

4.6. Maintaining personnel continuity

Successful science gateways and/or CI projects should try to
maintain a lower turnover rate of personnel. A computational
technologist active inHPC since the early 1990’swas trying to com-
plete an ambitious project. The challenge was that his employee
suddenly ‘‘moved to a partner institution’’, he said, ‘‘so I had to
hire a replacement’’ (16 July 2014). Although the new institution of
his former employee is a partner with him, this technologist’s loss
is a local problem which immediately impacted his organizational
capacity.

Gateway projects rarely have the funding necessary to have
employees with overlapping expertise. At the same time, a 100%
retention rate is not possible, given the limited-term involvement
of post-docs, graduate, and undergraduate students. A computa-
tional technologist in California pointed out the problem is not
simply in finding a replacement, but also in time for training the
replacement. ‘‘If the funding is always tight you have to depend
on one person. He or she is the key person’’ (17 July 2014). He ex-
plained the dilemma, ‘‘[I]f she for some reason, leaves and it could
be for family reasons, maybe her husband got a new job some-
where – Then what? .... If someone leaves, . . .we don’t have time
to have someone [new] trained’’. Maximizing continuity through
training and negotiating exits can ensure higher team efficiency
and better knowledgemanagement. A gateway team can reflect on
this practice by asking, ‘‘Arewe able to keep our staff and/ormaintain
continuity, smooth transition, and knowledge management?’’ Table 1
summarizes the 12 best social and organizational practices of
successful science gateway teams and CI projects, along with the
reflection questions discussed in the study.
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Table 1
The twelve best social and organizational practices of science gateways and cyberinfrastructure projects.

Practices Reflection questions

Social practices

Seeking Multidisciplinary Expertise • Do we have the right combination of expertise and perspectives to
create a robust tool in order to address the scientific problem?
• Do we have the right combination of expertise to extend a robust
tool into a new domain?

Setting Shared Goals • Are we all heading in the same direction?
• Can everyone’s personal goal also be met through achieving the
common goal(s)?

Using Common Language • Do we have a common language for understanding each other?
• Do we use terminologies we all understand?

Having Bridging Liaisons • Do we have a transdisciplinary individual who can bridge the gap
between the users and the developers on the same team in creating a
robust tool?

Establishing Productive Routines • Are there productive routines (and timeline) in place for the team?

Meeting Face-to-Face • Are we strategically and periodically building in face-to-face
meetings into our routines?

Organizational practices

Demonstrating Altruistic Leadership • Do we have altruistic leaders at multiple levels who are motivated to
solve problems and improve the project for the benefits of the team?

Having Clear Roles • Is my role in the team clear?
• Do we know each other’s roles?

Engaging User Feedback • How are we engaging (internal and external) users for feedback?
• How can we engage them more frequently and strategically?

Raising Sustainable Funding • Would it be possible to bring in continuing funding to sustain the
work?
• If not, how can we create a bridge to our next funding?

Growing Organizational Capacity • Do we have the (human, technical, and financial) capacity to carry
out the project?

Maintaining Personnel Continuity • Are we able to keep our staff and/or maintain continuity, smooth
transition, and knowledge management?

5. Limitations

The authors acknowledge several limitations of conclusions
that can be drawn from the current study. Informantsmainly came
from computationally intensive gateways rather than gateways
serving other functions such as community building, data collec-
tions, and educational tools. Therefore, the practices identified are
mostly related to the HPC community. Furthermore, interviewing,
as a social scientific methodology, relies on the participants’ per-
ception of the efficacy of their practices [15]. Grounded theory, as
a methodological approach, can be used to identify themes that
are related [16], but assertions of causality are still limited. By
describing these as ‘best practices,’ we are not asserting causality.
That is, CI users may employ these practices only to have their
project fail for reasons outside of their control. As Wallace’s wheel
of science suggests [17], inductive and deductive research forms
a recursive and ongoing cycle to advance our understanding of a
particular phenomenon. Future research could take the inductive
insights of ‘best practices’ from qualitative data to deductively
test the efficacy of these practices with quantitative data. To test
these practices and reinforce claims of causality would require
longitudinal research using different types of data and analytic
techniques.

6. Conclusion

The 12 best social and organizational practices of successful
science gateway teams and CI projects included in the study can
serve as a checklist for practitioners to assess the functioning
of an existing team, or to strategically design new teams. The
questions discussed at the end of each theme can help domain
scientists, computational technologists, and center administrators
across tools, projects, and domains reflect on the needs of their

teams. Overall, gateway projects require clear communication in
light of the need for projects to constantly evolve and improve. The
challenge that confrontsmembers of teams is to understandwhich
combination of practices to draw on at any given point.

Running science gateways and CI projects require balancing
dynamism with predictability. Effective combinations of practices
vary by project because organizing is a dynamic process. CI and
gateways projects tend to be ambitious. By asking the questions
discussed above and summarized in Table 1, teams can better
tackle the grandest challenges of organizing for data and compu-
tationally intensive science.

While many of the practices can serve teams and organizations
in general beyond the science gateways and CI projects, we note a
few themes that are unusual to academic and scientific computing.
For example, seeking continuing funding from federal agencies
is a practice in the academic realm, but not in private sector
organizations. Furthermore, all federally funded projects have a
finite funding cycle. Moreover, the constant turnover, partly due
to the nature of employing students and post-docs with shorter-
term timelines to work on longer-term projects, is also a challenge
faced by gateway teams and CI projects. Most established tech-
nology companies, such as Microsoft, Apple, and Google are less
concerned about constant turnover, as they have greater financial
and organizational stability to retain workers in the long-term.

While the informants interviewed for this article are highly
technologically sophisticated, and many of the projects are dis-
persed collaborations and virtual organizations by design, it is
interesting to note that the social practice of meeting face-to-face
emerged as a strong theme in the data analysis. We were some-
what surprised at this finding at first, but we quickly realized that
different communication channels are appropriate for different
communication purposes. For example, face-to-face communica-
tion is more appropriate for setting shared goals and creating a
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common language, as these practices are more communicatively
complex. Informants emphasized that face-to-face meetings are
critical at the beginning of a collaboration, and should be main-
tained periodically throughout the life cycle of the project. It would
be wise for science gateway teams to be intentional about this
practice, in order to overcome what Cummings and Kiesler (2005)
refer to as the coordination cost of multi-institutional collabora-
tions.

The 12 practices identified can be used to provide a guideline
for organizing for success in the context of science gateways and CI
projects. Successful teams can organize to optimize their potential
to do ground-breaking science. We will end with a quote from
a center administrator in Illinois that summarizes the essence of
this article: ‘‘[E]verything I’ve been talking about has nothing to do
with [the] science itself. But it has to do with how do we create an
organization that can effectively support science’’ (16 July 2014).
In this article, we described the organizational science of making
science gateways happen.
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Appendix. Interview protocol

The data analyzed for this article came from the third/last
research question (RQ) of a larger project of three RQs. The third RQ
examined the innovation attributes, organizational attributes, and
macro conditions that promote successful adoption and diffusion
of computational tools (including science gateways and various cy-
berinfrastructure technologies). Below are questions asked during
the last segment of the semi-structured interviews.

The findings in the article came primarily from responses to
questions #4, #5, and #6, although informants often talked about
social and organizational practices of successful teams (or incep-
tion virtual organizations) across questions in this segment of the
interviews.

1. Based on your own experiences, or even your observations
of successful computational tools by other virtual organiza-
tions (VOs), what do you think are some of the characteris-
tics or attributes of a tool that have led to its adoption and
diffusion beyond its inception VO?

2. Conversely/looking at the opposite side, are there any char-
acteristics of a tool that have inhibited it from being adopted
or diffused?

3. How do you find a balance between a domain-specific tool
and a transferable tool across domains? (i.e., a general tool
versus a specific tool).

4. Now focusing in on the VO itself, what are some of the
attributes of a virtual organization that have led to success-
ful tool adoption and diffusion across different VOs in the
community?

5. Conversely/looking at the opposite side, are there any char-
acteristics that have led to not so successful, or even failed
attempts, to promote a tool?

6. Now reflecting upon what you described are characteristics
of successful and not so successful computational tools or
functions of organizations, do they reflect maybe certain

macro conditions of your work environment, or even the
larger scientific community?

7. In an ideal world, what would be the macro conditions
conducive to promoting successful tool adoption across suc-
cessful virtual organizations?
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