Received: 22 May 2020 | Revised: 25 October 2020

Accepted: 2 November 2020

DOI: 10.1002/cpe.6192

RESEARCH ARTICLE

WILEY

If you build it, promote it, and they trust you, then they will
come: Diffusion strategies for science gateways and

cyberinfrastructure adoption to harness big data in the science,
technology, engineering, and mathematics (STEM) community

Kerk F. Keel

1College of Media and Communication, Texas
Tech University, Lubbock, Texas, USA

20ffice of Strategic Marketing and
Communications, Chapman University,
Orange, California, USA

3Data Science and Computational Intelligence
(DSCI) Laboratory, Department of Computer
Science, Faculty of Science, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok,
Thailand

Correspondence

Kulsawasd Jitkajornwanich, Data Science and
Computational Intelligence (DSCI) Laboratory,
Department of Computer Science, Faculty of
Science, King Mongkut’s Institute of
Technology Ladkrabang, Bangkok 10520,
Thailand.

Email: kulsawasd.ji@kmitl.ac.th

Funding information
US National Science Foundation, Grant/Award
Numbers: 1939067, 1453864

1 | INTRODUCTION

| Bethanie Le? | Kulsawasd Jitkajornwanich?®

Abstract

In the big data era, for science gateways (SG) and cyberinfrastructure (Cl) projects to
have the greatest impacts, they need to be widely adopted in the scientific commu-
nity. However, diffusion activities, or activities aimed to spread SG/CI in the science,
technology, engineering, and mathematics community, are often an afterthought in
projects. We warn against the fallacy of “If You Build It, They Will Come.” Projects could
be intentional in promoting tool adoption. Based on an analysis of 83 interviews with
66 administrators, developers, scientists/users, and outreach educators of SG/CI, we
identified seven external communication practices—raising awareness, personalizing
demonstrations, providing online and offline training, networking with the community,
building relationships with trust, stimulating word-of-mouth persuasion, and keeping
reliable documentation. With these strategies, we revised the pop culture line to “If You
Build It, Promote It, and They Trust You, Then They Will Come.” We also observed the beliefs
that external communication is mainly necessary when seeking continuous funding,
and it belongs to the skillset of nontechnical staff. These two beliefs may explain why
external communication is underemphasized in many SG/Cl projects. The article serves
as evidence to justify a bigger budget in funding proposals for diffusion strategies to

increase adoption and broader impacts.

KEYWORDS

cyberinfrastructure, diffusion of innovations, external communication, science gateways,
technology acceptance, technology adoption

Big data requires a complex system to extract its hidden insights and values. Cyberinfrastructure (Cl), also referred to as e-science or e-research
in the European Union,! is a complex system that consists of large-scale datasets, data storage systems, remote instruments, advanced computing
technologies, interdependent software, and so forth bundled together as an infrastructure to help dispersed teams of experts across diverse institu-
tions to harness big data for research and education in STEM (science, technology, engineering, and mathematics) and other disciplines.?® In other
words, Cl is a complex sociotechnical system that allows scientists to innovate and make discoveries with big data, in a way otherwise not possible.*

However, the necessity for mastering advanced computer programming has limited the widespread user adoption of ClI.
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To address this challenge, science gateways (SG) were developed to reduce the need to master advanced programming skills to use Cl. SG refers
to a “community-specific set of tools, applications, and data collections that are integrated together via a portal or a suite of applications, providing
access to grid-integrated resources”.®> Through a user-interface, SG allows scientists and educators to access shared software, data, computing
(cloud) services, instruments, educational materials and other discipline-specific resources as a wide community of users.®

For SG/ClI projects to have the greatest impact on scientific discoveries, the tools need to be widely adopted in the STEM community. However,
the tools will not always spread by themselves. The developer teams behind the tools need to systematically and strategically engage in external
communication to promote the tools. Otherwise, many tools may fall by the wayside, and eventually die out after the initial funding cycles conclude.

The lack of intentional promotion of SG/ClI tools is often due to what we term the fallacy of “If You Build It, They Will Come.” A line in pop culture
inspired by the 1989 movie entitled “Field of Dreams,” it creates the hopeful mindset that if a person strongly believes in a vision, the vision will
eventually attract a large group of followers. In the movie, the main character (Ray) heard a voice that gave him the vision to build a baseball field
in a cornfield in lowa. Despites the initial struggles, the movie ends with hundreds of cars approaching the baseball field. While the message in the
movie is inspiring, the reality of many SG/CI projects do not often match the same outcome as the movie.

The goal of this article is to explore the importance of external communication to the diffusion of SG/CI. By diffusion, we refer to the systemic
spread of SG/Cl as a collective innovation in the STEM community.” Given this goal, we set out to investigate what SG developer teams specifically
and Cl professionals broadly can do to help attract users to their tools. We organize the article in the following way. First, we give a brief overview on
the diffusion of innovations theory (hereafter referred to as diffusion theory) and the technology acceptance model (TAM), and their applications to
workplace technologies in the public marketplace broadly and the studies of SG/Cl in the STEM community specifically. Second, we discuss the data
collection and analysis in the methodology section. Third, we present the research findings, including interview excerpts that illustrate the practices

we identified. Fourth, we conclude with limitations and implications.

2 | SOCIALSCIENCE RESEARCH ONINNOVATION DIFFUSION AND TECHNOLOGY
ACCEPTANCE

2.1 | Diffusion of innovations theory and TAM

The diffusion of innovations theory® is a communication theory that explains what triggers the adoption of innovations in a social system. It is a
general theory developed to describe and predict the uptake of innovations. An innovation can be any technology, behavior, meme, ideology, infor-
mation, and so forth, perceived as new to a group, organization, community, and society. The theory includes innovation attributes, user categories,
and social networks as key predictors of adoption across various social, technical, cultural, and political contexts. The classic innovation attributes
are relative advantage, perceived compatibility, perceived complexity, trialability, and observability.

A related theory is the TAM.? TAM presents a model that predicts the likelihood of users adopting a new system of technology. It proposes
that the perceived ease of use and perceived usefulness of the technology are determinants of the user’s attitudes and behavioral intent towards
actual system use. Perceived ease of use is contextualized as the extent to which an individual believes that using a particular system would
be effortless. Perceived usefulness is defined as the extent to which an individual believes that using a particular system will enhance one’s job
performance.

The TAM was originally developed to understand the adoption of information systems and workplace technologies. Davis proposed that the
user’s behavioral intention to use email and a data editing technology depends on its perceived usefulness and perceived ease of use.” TAM has
been applied in a variety of emerging technologies such as, but not limited to, smartphone mobile applications,10-12 wearable health devices,! social
media,’* and online learning.!® For example, Melzner et al.2é used the TAM for an integrated framework to assess the suitability of mobile health
applications as a measure of workplace health promotion. In their conclusion, the researchers recommended companies to start an information
campaign that incorporates the TAM variables in an effort to achieve the adoption of the mobile health applications. Lane and Stagg!” also used
the TAM in their research about the adoption of iPads among higher education staff. Their data show that university staff consider iPads to be easy
to use, useful and compatible with their job tasks, and the researchers suggest for workplaces to consider user-centered technology support for
staff members who found iPads less easy to use. Furthermore, the TAM was utilized in a study on green behavior in the workplace,'® where the
researchers found that education and training contribute to employees’ adoption of green workplace behavior.

The introduction of new workplace technologies can help people, businesses and organizations perform their daily tasks more quickly and
efficiently, optimizing productivity. Similarly, Cl and SG are a job-related technology that can provide breakthroughs in the research workplace. How-
ever, active efforts by the technology organization will need to accompany the technologies to ensure successful implementation of the technology.
We note that mobile apps and iPads in the cited studies were designed and created for consumer use and the general public, thus having a low learn-
ing curve and a design that is convenient and familiar for most users to adopt. Cl and SG, on the other hand, usually have a high learning curve, and
are designed for specialized and technologically sophisticated users. The case of SG/CI presents a unique opportunity to investigate the adoption,
acceptance, and diffusion of complex innovations.
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2.2 | Multidisciplinarity, and the sustainability and diffusion of SG and CI

Past research about social and organizational practices of SG and Cl indicate that having a team of multidisciplinary experts as collaborators con-
tribute to the project’s chances of success. Multidisciplinary expertise is needed because the grand challenges and problems investigated in SG/CI
projects are often not within a single discipline. However, the multidisciplinary nature of these projects can also be one of the obstacles in the adop-
tion of SG/CI. Gesing et al.'? showed that a challenge in achieving greater sustainability of SG through on-campus teams is the concern to maintain
the diversity of expertise in the multidisciplinary group so that the project can benefit. Furthermore, according to Katz and Proctor,2° the SG/CI
infrastructure, itself, must address and support the collaborative, multidisciplinary team, which includes the response to larger and more complex
data while promoting interoperability between systems and policies. Gesing et al.2! expanded on this in their study about using SG for bridging the
differences between research infrastructures. The researchers stated that SG offers sharing possibilities within a community but that is dependent
on the willingness of researchers to share methodologies and data, and the technical dependencies of methodologies and data across disciplines.

Despite the challenges brought about by the necessary multidisciplinarity of the SG/CI community, some tools have been successfully adopted
and sustained over the years. In a study on Cl software sustainability, Stewart et al.22 reported that projects successful in sustaining long-term
operation usually employ open-source software licenses, and they also tend to utilize best practices known in the software engineering community.
Furthermore, these projects tend to be led by leaders who are committed to the vision, and the projects hold regular meetings (e.g., user forums or
conferences) where the developers and the users can engage with each other in person, at least on an annual basis. Finally, sustainable projects also
tend to explore different financial models for funding at different points of the longitudinal project. This last point suggests that projects at different
stages of development and maturity may benefit from different types and approaches of financial support.

Furthermore, Katz and Proctor?° defined Cl sustainability in terms of five key elements. First, dependent infrastructure maintains the same
level of functionality over time, despite changes in other parts of the infrastructure. Second, collaborative infrastructure is combinatorial in nature
with other infrastructural elements in order to meet the needs of users. Third, new users understand the Cl functionality and usability, and are able
to learn and ask relevant questions. Fourth, existing users are provided with infrastructural elements that are modular and can be adapted to meet
their needs. Finally, the infrastructural elements continuously incorporate and implement new progresses in science and theoretical advances in
research. While sustainability focuses on the macro processes in the CI/SG ecosystem, acceptance and adoption focuses on the micro perception
of the technologies. We will discuss the perceptions of SG/CI attributes next.

At the level of innovation attributes to promote acceptance and adoption, Kee et al. described 10 attributes of SG/CI that attract new
users.2® They expanded on diffusion theory’s classic five attributes and TAM’s two key predictors to include attributes such as the SG/CI meeting
users’ needs, having organized access, trialability, observability, relative advantage/usefulness, simplicity/ease of use, compatibility, adaptability, and
being community-driven, and well-documented. Furthermore, Kee and Schrock argued that social and organizational practices engaged by SG/CI
developer teams increase the teams’ capability to promote their tools’ adoption and diffusion.?* The 12 practices they identified are having multidis-
ciplinary expertise, setting shared goals, using common language, having bridging liaisons, establishing productive routines, meeting face-to-face,
demonstrating altruistic leadership, having clear roles, engaging user feedback, raising sustainable funding, growing organizational capacity, and
maintaining personnel continuity.

The practices identified by Kee and Schrock?* are inward-facing. In other words, they described what the teams can do internally among mem-
bers of aproject. Inthe present article, we set out to identify communication practices that are outward-facing. We aim to identify external strategies
that teams can engage to diffuse SG/CI as an innovation to the scientific community as the target social system. Therefore, we pose the research
questions (RQs), RQ1: “What external communication strategies can promote the adoption and diffusion of science gateways and cyberinfrastructure?” and
RQ2: “How is external communication perceived by the developer teams behind science gateways and cyberinfrastructure?”At the heart of these RQs is the
notion that building an innovation also requires strategic external communication and a communication savvy team to attract a large user-base. “If
You Build It, They Will Come” is a fallacy.

3 | METHODOLOGY

The data for this article is a subset (n=83) of a dataset collected for a larger study, which focuses on the social and organizational dimensions
of big data projects during SG/CI diffusion. The larger dataset included 192 semistructured interviews between March 2016 and February 2019.
Interviews were transcribed verbatim using a contract transcription service.

The interview protocol consisted of a variety of questions related to CI/SG definitions, adoption/implementation, influencers/opinion leaders,
organizational capacity, and so forth. Key questions most germane to this article are: “When did you first hear about Cl and/or SG? Were there
particular people that influenced your initial involvement?,” “Our research team is interested in discovering ways to accelerate Cl and/or SG adoption
and diffusion. What do you think your organization can do or is currently doing to trigger adoption sooner?,” “If you were to create a checklist of the
key factors for organizational capacity to accelerate adoption and diffusion of Cl and/or SG, what would you include?.” Furthermore, the interviews
were semistructured, so the responses were based on other organic follow-up questions during the interviews, with the goal of understanding
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adoption and diffusion as the ultimate outcome. It is worth noting that the nature of semistructure qualitative interviews is that informants have
the flexibility to share their thoughts in response to the questions asked or focus on what they care about, what was salient in their minds, and what
they would like to tell the interviewers. The variations enriched the study with details, improvisations, and informants’ lived experiences in a way
that cannot be captured by a structured survey questionnaire.

Informants in this study were recruited from the publicly available online programs of XSEDE/PEARC conferences in 2015, 2016, 2017, and
2018. Listed presenters and authors were first searched online via Google, and then an invitation email was sent to invite them for an in-person
interview at the conference (if the recruitment timing was before the actual conference) or a telephone interview (if the conference had passed).
XSEDE/PEARC conference programs were utilized for recruitment because listed presenters and authors are active contributors and stakeholders
of the Cl and SG communities. At the end of each interview, some referrals were made by the informants and pursued by the research team. We
next describe the sampling process that selected the subset from the complete dataset for the present article.

3.1 | Systematicsampling

The larger dataset was mined for this article during three phases. During Phase 1 in January 2019, we sorted 123 transcripts that were available at
that time into a roster based on chronological order of the interviews. Using the roster of the larger dataset, systematic sampling was performed
with an interval of 6 (i.e., every 6th informant from the start of the roster) on the chronological list of informants of 123, yielding a subset of 20
randomly selected transcripts for analysis. A conference paper was written using the first subset of 20 interviews for the Gateways 2019 conference
and presented in September 2019 in San Diego, California, USA.2

Then Phase 2 of the analysis took place during February to April 2020. We then had the complete set of 192 transcripts, and resorted them
in alphabetical order of informants’ last names. Once again, we performed another round of systematic sampling using the same interval of 6, and
yielded 31 interviews. Based on close examination, five transcripts were sampled in both Phases 1 and 2, thus the analysis in Phase 2 consisted of
46 interviews. The first draft of this article was written based on these 46 interviews.

According to Baxter and Babbie,?¢ one of the most rigorous sampling techniques in social science research is systematic sampling. Systematic
sampling first sorts data into a particular order (e.g., alphabetical order of last names of individuals are clustered based on ethnicity given their last
names; chronological order of interviews so currency of input is sequenced based on a timeline), and then select a random interval (i.e., an interval
of 6 in this case) to select a subset for analysis. The interval of 6 was arbitrary, and an interval of 5, 8, or another number could have been selected.
The goal of systematic sampling is to increase randomness (hence diversity and/or representativeness) in sample, by sorting of data into a set order,
and then apply a consistent interval in selecting cases to be analyzed. This approach is to minimize the influence of biases due to demographic or
temporal overlaps in informants or interviews.

A goal of systematic sampling is to increase representativeness of the data, thus broader transferability of the findings across projects and
groups in the STEM community. Biases and limitations may stem from time periods (e.g., 2016 versus 2018) and social groups (e.g., cultural groups
that share ethnic origins as signaled by last names). Given the nature of the special issue calling for submissions from participants in the Gateways
and IWSG conferences, we recognized two opportunities to randomize the sample for a more representative analysis in this article. The two phases
of analyses also served to confirm the findings, and expanded two particular themes (out of five) in the first Gateways conference paper into two
additional related but distinct themes in the present article, which made the final framework with seven strategies more robust. Furthermore, the
opportunity to engage in Phase 2 also allowed us to add RQ2 to the current article, as we expanded the scope beyond the first conference paper in
the first submission to the special issue.

In September 2020, we performed Phase 3 of sampling in response to reviewers’ comments. In order to broaden stakeholder perspectives by
further increasing the diversity of professional roles, we performed a round of purposive sampling. Purposive sampling is a technique used when
looking for data specific to a target population or a target segment of the population.?é Purposive sampling yielded 32 additional transcripts for
analysis. Results did not change the findings, but further confirmed the themes identified in earlier analyses. Furthermore, many of the informants
interviewed played multiple roles across different projects. Moreover, even if they play the role of an administrator and/or outreach educator today,
they may have been a technology developer or a coproducing user before. Therefore, their insights often reflect a mix of experiences with SG/CI.
Given the three phases of sampling, the analysis reported in this article submitted to the journal special issue on SG is based on a total of 83
semistructured interviews with 66 informants (some informants participated in follow-up interviews).

While not all quoted in the article, informants whose transcripts are included in the analysis came from 22 US states (AL, AK, AZ, CA, CO, FL, HI,
1A, IL, IN, MA, MN, MT, NE, OK, PA, SC, TX, UT, VA, WI, WY), Washington D.C., Canada, and Germany. The sample analyzed in this article include 26%
female (n=17) and 74% male (n=49) who represented a diverse range of stakeholders, including center administrators, technology developers,
scientists/users, and outreach educators of SG/CI. While the dataset is predominantly male (which is characteristic of the field), the variety of job
roles and geographical locations gave us a holistic perspective for this article.

The notion of scientists/users requires some clarifications. In the sample, since scientists are the users of SG/CI for their scientific work, there
are three types of users.?’ First, a scientist-developer is a scientist who developed his/her own SG/Cl tool in order to do his/her own science, because
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thereis noreadily available tool out there that fits the research. Second, a coproducing user is a user who collaborated with a developer to design an
SG/Cl tool for his/her own research. Tools developed by the first two groups of users are then adopted by the third group of pure users, who simply

adopt existing tools. Regardless of which group of users, some adaptations during implementation are common.

3.2 | Systematic analysis

We took a qualitative social science approach, in that data collection and analysis followed the principles and strategies of grounded theory.28
The purpose of a grounded analysis is to investigate a phenomenon in its early stages, before a quantitative analysis is feasible. As a strategy for
exploratory research, grounded theory analysis may appear anecdotal on the surface. We next explain how a grounded analysis was performed
systematically in the present article.

The grounded theory approach includes the use of bottom-up coding methods to identify themes and concepts. We began by selective coding,
which involved flagging a large portion of interview text related to communication practices that are outward-facing. Then the analysis contin-
ued with open coding, which organically allowed themes and concepts to emerge during careful interpretations. Through constant comparisons,
concepts/themes were either further differentiated or combined, until distinct categories were identified. Finally, axial coding related the con-
cepts/themes via specific relationships. We finalized the themes based on Owen’s criteria of repetitions (i.e., the same practice being mentioned
by multiple informants in the same way), reoccurrence (i.e., the same strategy being discussed by informants in different ways and from different
perspectives), and forcefulness (i.e., a practice/strategy that is mentioned by few informants, but the idea can have significant and transformative
impacts) to select themes.?? In order to further illustrate the data analysis process, a diagram of grounded theory analysis is shown in Figure 1. Find-
ings based on grounded theory analysis described in the following section emerged organically to consolidate and postclassify the responses into
the appropriate categories. The interview questions were not designed based on the strategies apriori and deductively to retrofit the responses
into preset categories.

4 | RESEARCHFINDINGS

We begin this section with reporting on the findings to RQ 1, “What external communication strategies can promote the adoption and diffusion of
science gateways and cyberinfrastructure?” Based on a systematic analysis, seven strategies emerged. They are summarized in Table 1. These strate-
gies were inductively derived from synthesizing informants’ insights in an organic fashion, without imposing any existing framework. Furthermore,
these strategies represent the collective insights of CI/SG stakeholders across different roles, as many of the informants were not strictly a user or
adeveloper. Therefore, we list their multiple roles in the excerpts presented. For example, a scientist-developer?” is a scientist (or a user) who also
develops his or her own SG/Cl tool in order to carry out his or her own research. A scientist-developer may indicate that she is also an administrator
and/or an outreach educator across different projects. In that case, we list all three roles when introducing the representative excerpts. We elabo-
rate on the seven strategies with informants’ excerpts in the following section. Table 2 collects all the excerpts discussed for RQ1 in a fashion that

allows readers to directly examine the raw data.

41 | External communication strategies for SG/CI diffusion
411 | Raising awareness with success stories of reputable peers

For SG/CI to become widely adopted, potential users first have to become aware of the tools. Raising awareness of the tools involves message

dissemination, which is comprised of the public relations, marketing, and advertising efforts by project teams. A scientist-developer and outreach
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TABLE 1 Sevendiffusion strategies to promote SG/Cl in the STEM community

Diffusion strategies Definitions
Aimed at short-term and active promotion

1. Raising awareness with success Getting the words out, making the tool known to potential users through face-to-face meetings, newsletters,
stories of reputable peers and/or social media, with success stories of reputable peers to induce confidence. Additional efforts can also
support building a website, and being listed in an organized repository.

2. Personalizing demonstrations Learning about potential users’ work and work environment, in order to personalize demonstrations for them to
see a strong fit with SG/CI and their own research.

3. Providing online and offline training  Making training available through organized materials, tutorials, short courses, classes, webinars, and bootcamp
summer institutes. These can be offered either online and/or offline, in small groups and/or large workshops.
Additional efforts can also provide user-support, address issues on community forums, and use chatbots to
trouble-shoot.

4. Networking with the community Promoting the tool at community activities (e.g., conferences), and getting to know what other tools exist, and
what other peers are doing in the community. Community networking can trigger peer-to-peer support among
domain scientists also.

Aimed at long-term and organic diffusion

5. Building relationships with trust Cultivating relationships with users, such that the users maintain adoption, and even share credits in joint
publications, as the users believe that the developers help the users succeed and provide support during
implementation.

6. Stimulating word-of-mouth Generating word-of-mouth promotion and diffusion as users tell peers in their domain about the tools, because
persuasion users come to trust the developers and the tools. Additional efforts can also identify current events (e.g., a
crisis) that can utilize the tools, and giving diffusion an extra boost.

7.Keeping reliable documentation Maintaining good documentation to help users actively learn, keep up with changes/bugs/updates, and follow
good examples. Reliable documentation helps users develop the belief that the tool is sustainable, hence
promoting adoption.

Abbreviations: Cl, cyberinfrastructure; SG, science gateways; STEM, science, technology, engineering, and mathematics.

educator from Utah described this as a common problem, “The thing that still everybody struggles with is how to make everybody aware that we
exist and we can help” (12 April 2016). An administrator and scientist-developer from Washington who specializes in computing and software sys-
tems concurred, “There is a sense of advertising that needs to happen in order for you to communicate to those who might use your software that
you've created this and that it exists” (14 June 2016). Both informants spoke on how the aim of their outreach effortsis to let others know their tools’
existence. Furthermore, the first informant suggested that raising awareness is a common challenge in the field. Engaging in outreach is key to rais-
ing awareness. An administrator and technology developer from California with a background in physics summarized this goal with the reflection
question: “How do you reach out to your potential customers and make sure they know you exist?” (3 May 2016). An administrator and outreach
educator from Oklahoma offered an answer to this question, “We do a lot of outreach to tell people that we're here ... Soiit’s ... the communication,
PR [public relations], and marketing part of [SG/CI]” (25 May 2016). Outreach efforts get the word out to have potential users recognize the SG/CI
projects, and the tools that they offer.

How exactly can raising awareness be accomplished? Informants offered some in-person communication strategies. A technology developer
from Indiana shared, “[W]e get a list of every incoming faculty every single semester, and then we go personally meet with every single one of them
that will return our e-mail” (11 July 2017). Another informant who is an administrator and technology developer from Colorado added, “[W]e tried
last year to really visit every department on campus and total faculty meeting and talk about what service we provide. It’s still a large ... group of
people on campus that don’t know about us” (21 March 2016). In these two quotes, informants talked about going from door-to-door in person as
a strategy to help target potential users to become aware of SG/Cl on their home campuses.

Furthermore, raising awareness can be accomplished with asynchronous communication strategies. An informant from Oklahoma talked about
using newsletters. She explained that featuring stories in a newsletter is particularly effective to get researchers to think, “Oh, | do research similar
tothat. l didn’t know | could use the HPC [high-performance computing] center for that” (25 May 2016). Using social media is another asynchronous
strategy. An administrator and technology developer in Pennsylvania suggested that building a “social media presence, ... [to send] announcements,
updates, [and] news about what’s going on [within the SG/CI project]” (24 October 2016) are steps to raise general awareness in message dissemina-
tion. A technology developer and administrator from Colorado involved in atmospheric research shared that his center’s outreach also include the
utilization of social media: “[W]e try to increase our social media activity, so that faculty or students become more aware of our service”’ (21 March
2016). A technology developer from Alabama offered this rationale, “So if your users really like a particular social platform [e.g., Facebook, Twitter,
and so forth], then you may want to have a support handle on that social plat[form], [so] you can talk to your users where they like to talk” (23 March

2016). The strategy here is to meet the potential users where they are, and then bring them onboard from there.
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Whether it is a newsletter or a social media post, the informants suggested using success stories of reputable peers. A technology devel-
oper in Alabama explained, “You need success stories... to convince others to jump on... So that’ll convince them that it’s not just a fad if
serious players are using it, serious people have used it and have had success with it” (23 March 2016). This strategy of using success stories
is echoed by a scientist-developer in computational chemistry who is also an administrator from Nebraska. He stated, “[S]uccess stories make
a big difference ... [O]nce somebody in the department has a big publication ... resulted in at least in part or maybe even in large part due to
utilizing a supercomputer ... [then] everybody wants in on that” (6 May 2016). These informants talked about success stories of SG/CI users
in their domain research. However, another aspect of success stories speaks to the success of the tools and/or the developers. A technology
developer and an administrator from Utah suggested, “[T]here are some people who have ... built a lot of fame and credibility over produc-
ing and maintaining software artifacts that are such high quality that they get used, you know, a lot and people get very good reputations
for that” (2 June 2017). Collectively, the informants shared that success stories, especially stories of high-profile users, showcase to poten-
tial adopters that the SG/CI tool works and it has been vetted by credible users. It also helps when the developers have a strong reputation
themselves.

41.2 | Personalizing demonstrations

Personalizing demonstrations is to have potential adopters and beginning users see a strong fit between SG/Cl and their own research work. While
this strategy makes a lot of sense on surface, it is not always employed in practice. Sometimes the developer team promotes a technology without
considering the need to personalize messages for the target audience. A user and facilitator in South Carolina recounted, “[M]y husband is faculty
here. He says, ‘| keep getting those emails about training in Hadoop. | don’t know what Hadoop is. | don’t know what it can do for me”’ (6 April 2016).
She described how developer teams tend to send a blanket and general message about a technology, which can leave the target users puzzled. She
then continued relaying her husband’s complaint with, “You guys keep sending me these emails about training in Hadoop. | wish you would send me
an email that tells me what it does so | know if it's good for me or not.”

The missing link suggested by the first excerpt is personalization. In order to put personalization into practice, an outreach educator from
Wyoming told us that outreach work should not simply be sending out mass messages and waiting to answer questions. Instead, “you’re actually
going out ... [asking], ‘What is your research? They'll tell you, and then you say, ‘Okay. So, cyberinfrastructure could improve things this way, this
way, and that way. This is how you get access to cyberinfrastructure” (24 July 2017). This informant believed that not every potential user can imme-
diately recognize SG/CI’s usefulness. Therefore, it is important to find out what potential users are doing and then personalize the tools to users’
specific situations to help them recognize the advantages of implementing SG/Cl in their own research.

Similarly, an administrator and facilitator from Oklahoma with a mathematics background emphasized personal demonstrations, as she

explained,

[Gliving them a kind of a tour of the tools and how they’re used can spark their interest in using them or ... thinking of ways those
tools can apply to their work. So kind of like the Software Carpentry ... It's called carpentry because it’s like ... taking somebody
into your workshop and saying—Look, here’s a vice ... and here’s the kinds of things you can do with a vice. And here’s a hammer
and here’s a saw—and showing people that these are the kinds of tools that people can use to build things. And you do that the same
way with cyberinfrastructure and it just kind of plants the seed. (25 May 2016)

Both excerpts underscore the notion that promoting adoption is a two-way street, where the developer team also find out users’ work, and help
them explore how SG/ClI can fit into their work, in addition to one-way public relations and marketing efforts.

Personalization requires not simply understanding what the research users do, but also the workflow and physical environment of users. An
administrator and technology developer from Texas talked about shadowing as a technique to achieve this understanding, and provided the following
example in the medical context,

The technology developer spent a day in the clinic and saw what it was like ... So, we have shadowed them, not in the exam room,
but just from the center and see what their technology looks like, see the tools that they have, see the decision they're trying to
make. That was super enlightening for us. Because we could immediately see—Gosh, this is taking way longer than it should. Why is

it taking so long?—It’s for a variety of reason[s], but it helped us understand what the workflow was [like] ... (25 July 2018)

The excerpt above describes how shadowing can help developers better understand how users work, therefore, able to design SG/Cl that better
fit their daily work environment. No matter how good an SG/Cl tool is, if it does not fit the users’ work environment, diffusion will be impeded.
Furthermore, personalization involves spending time working together on making the adoption work. A administrator, coproducing users, pure

user, and outreach educator in lllinois told us that it is important to facilitate deep engagement between the developer and the user—“[Y]ou might
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want to work with us ... [for] a month to a year or longer.” He further explained, “[T]here’s a significant amount of work that has to be done in many
cases to get the domain scientist’s problem solved properly with the cyberinfrastructure ... ” (2 June 2016). Spending time is necessary not only to
ensure that the technology works for solving the problem, it also builds trust. A coproducing user, scientist-developer, and administrator in California
stated, “[H]istory builds trust” (16 November 2018). With trust as a foundational condition, once a user is interested in using SG/CI, the next step is
to invite them to participate in training.

4.1.3 | Providingonline and offline training

Given the high learning curve of SG/CI, training is essential for turning short-term curiosity into adoption, and/or ensuring long-term continuation
and successful implementation. Otherwise, a potential user or a new user may stop exploring at this point. An administrator and technology devel-
oper from Colorado explained, “We provide a lot of training. So helping train students or faculty or researchers to use, and train in new technologies

they are not used to” (21 March 2016). An administrator from Texas used a metaphor to illustrate his organization’s approach:

Just like a university has freshman orientation, we offer similar classes and tutorials for beginning users to understand how to make
effective use of the systems, how to get their work into the format and into the job submission service that the large systems use.
Even just to familiarize themselves with the different systems and which system might be most appropriate for [their] science. (11
May 2016)

The freshman orientation metaphor refers to educational efforts as a vehicle for potential users to imagine and understand where their work,
jobs, and needs fit within SG/CI, with deeper technical understanding of how the tools work. Training takes place in various formats. We examined
the interviews to identify the common formats. For example, a scientist-developer, technology developer, and outreach educator shared, “It’s mainly
through tutorials, presentations, conferences, or classes that we are doing online or at [a major HPC center in Texas] ... ” (18 May 2016). Another
informant from Texas who identifies as an administrator and technology developer added, “short courses, online materials, asynchronous materials,
webinars, the whole host-bootcamp summer institutes” (25 July 2018). Collectively, we synthesized the formats into organized materials, tutorials,
short courses, classes, webinars, and bootcamp summer institutes, and these can be offered either online and/or offline, in small groups and/or large
workshops.

Giventhattrainingis key, it isimportant to make training accessible and convenient for users throughout the entire adoption and implementation
process. It is necessary for users to revisit training materials over time. A coproducing user and outreach educator from Indiana shared her insight
by stating, “Having one workshop and then never using it again is not very helpful. But having a lot of webinars are really helpful because that’s really
low investment on time, travel, and so forth. It's usually online and revisitable” (14 June 2017). This excerpt emphasizes the needs to make training
available online and available for users on an ongoing basis. Furthermore, while most of the training activities take place at a university campus
where there is a research computing center, informants also mentioned conferences as the venues where presentations and training can occur. The

next theme examines further the networking aspect of conferences as part of external communication.

414 | Networking with the community

Networking with the STEM community is key to becoming effective at promoting SG/CI to new users. Informants talked about the need for develop-
ers to attend conferences to promote SG/Cl through giving presentations and tutorials about their tools. This argument is clearly articulated by the
interview excerpts and discussion in the previous theme. We will not reiterate them here. Instead, we would like to emphasize the observation that
developers shared with us about how networking at conferences in the community can further help developers become more effective promoters
of their own tool when they are familiar with what other SG/CI tools are available in the community.

An administrator and outreach educator from Utah told us that her organization is aware of how much they can benefit by attending confer-
ences, stating, ‘A lot of [knowledge comes] from the interactions and ... relationships ... [at] conferences where the new technologies are discussed
and introduced, and having a network that goes beyond just our center [and] being involved in the national landscape of cyberinfrastructure”
(6 April 2016). Moreover, an outreach educator with a background in parallel computing from North Carolina added, “[Attending conferences]
really exposed me to the community, and | was able to meet people ... That really made a big difference for me because it made me realize what
people were doing in the field” (14 August 2017). By networking with the community at conferences, developers not only give presentations
and tutorials to promote their own tools, they also become aware of what other peers are doing and the latest knowledge related to building
SG/Cl tools.

Similarly, users reported that networking with their domain communities help them adopt and implement SG/CI. A coproducing user and

scientist-developer from Texas shared her experience meeting a peer scientist at a conference, who later helped her with implementing SG/Cl in
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her research—"There was a scientist [from Pittsburgh] that was working with me and [he] could tell me, ‘Okay, this is a good way to go. This is not a
good way to go”'(3 July 2017). She further explained, “That has a really positive impact on my own research ... Even though I'm an expert in this field
myself ... [Blecause he worked on ... four projects similar to mine, he could offer some insight to [SG/CI].” Networking with the community helps
both the developers and users with SG/CI diffusion.

4.1.5 | Buildingrelationships with trust

Akey part of successful SG/Cl projects includes relationship building and establishing trust between developer teams and potential users. To demon-
strate why relationships with users matters, a technology developer from Indiana told us, “Being able to make the relationships with [potential
users] to ... coax them into doing something new and interesting ... that can maybe help them improve their work” (11 July 2017). As previously
discussed, potential users may not immediately recognize how SG/CI can help them with their work, and/or they may need the training to begin
using the tool meaningfully. Having a relationship with a potential user can help them get over the hump and adopt. This informant also added that
every potential user is unique, and that building a relationship requires starting from scratch each time. Furthermore, diffusing a tool requires the
potential users to have confidence that the developer teams are committed to the new users’ success in using the tool. A technology developer
from Utah noted, “It is about working hand in hand and coming alongside to create excellence. That builds trust because they know you're there for
them—to help them out. And that goes a long way ... ” (July 2018). This excerpt shows how promoting SG/Cl is not simply about the point of adop-
tion, but also working with users during implementation until the work is done. To the point of implementation, this informant from Utah continued,
‘And then also making sure that you position yourself so that you can execute. Sometimes you can have the trust of a person, but you can lose their
trust [during] your execution.” His excerpt also shows that trust building is a continuous effort. One oversight can undo the good work previously
established.

The strategy of building relationship with trust is also repeated by users. For example, a coproducing user and scientist developer from Virginia
stated, “[A]t the end of the day, | think that those types of things are largely a kind of a trust between Pl and ... the lead developers” (20 November
2018). He further explained, “There’s a discussion about why you think this is a great thing to do. And then if it’s kind of a little bit informal ... [Then
the user agrees]—“Yep, sounds great, let's do it.” His excerpt shows that having trust between the Pl and the lead developers is often what informally
convinces users to adopt, not simply having a discussion about why SG/CI adoption is a good idea.

Another trust-related strategy is to help someone on the PI's team to be able to adopt SG/Cl for the PI. A scientist-developer, technology devel-
oper, and administrator from Arizona shared, “[I]dentifying the key individuals in lab that are the ones that are the early adopters ... Because not
onlyis it not contextual, but there is a trust factor ... [T]hat’s paramount” (29 April 2016). He further explained why trust is important in SG/Cl adop-
tion, “So if you do not have a trust factor, if you don’t have skin in the game, and | say—Oh, yeah, you should go try this, do that—And then it fails, or
it doesn’t work ... That’s the part where you start losing users, and they feel that you're not vested in their growth ....” Furthermore, an adminis-
trator from Massachusetts explained that it is not that users are resistant to SG/CI, but—"A lot of times ... whoever leads the research leads from
what they know best ... they just stay doing the way they’ve done it before” (5 November 2018). Then he continued by stating, “[Elither the faculty
[as SG/Cl user] has to trust ... the postdoc or any incoming grad students can do it in some new method or methodology.” This excerpt shows that
users need to have someone they could trust to carry out SG/Cl implementation in their research. If it is not the SG/Cl developer team, it needs to be
someone they trust within their research team. He concluded by stating, “That has nothing to do with what tools and what capacity of computation
or storage that you're providing for somebody.”

The notion of trust from the informants suggests that trust means someone is there to support successful completion of the research when new
SG/Clis beingused, not that SG/Cl is a better tool for their research. A pure user, technology developer, and an administrator from Wisconsin shared
that for researchers, “[W]hat really matters is will the transfer happen and not how fast it will be. It should not take 500 years, but if they want to
do something, they want it to be dependable” (26 April 2016). This excerpt suggests that relative advantage of SG/Cl in terms of speed may not be
always critical. What is critical is that the support is always there. He continued, “And they want to trust that if something goes wrong, somebody
will be there to help them.” With the same insight, a pure user who later became an administrator from California shared, “l would try to create a
situation where people really trusted us to help them and took our advice ... | think we could build a much nicer synergy between the people who
run the cyberinfrastructure and the people who use it” (14 July 2016).

Building relationships with trust is a long-term commitment beyond simply adopting the tool. A scientist-developer and coproducing user from
Utah told us, “[Clollaboration involves quite a lot of trusting in the people you're working with that, when you come to publishing, you're both going
to be appropriately listed as authors for reward and credit for your contribution” (7 April 2017). He suggested an interesting observation that we
believe has not been documented in previous studies—along with users’ success in implementing the technology within his/her workplace, the ‘mar-
keter’ also shares in being recognized for the success. Although getting published is not formally a part of many developers’ performance metrics,
the credits certainly speak to the depth of the kind of relationships perhaps required in SG/CI adoption. The informant concluded by stating the
importance of working with people that are interested in the same problems, approaching them in a similar way, and having respect and trust so that
collaborators can have confidence in the results generated by the adopted SG/Cl tool.
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4.1.6 | Stimulating word-of-mouth persuasion

In additionto building trusting relationships with SG/Cl users to reenforce adoption, another reason to build trust is to harness the relationships with
users for word-of-mouth persuasion. Recommendations by peers in existing relationships encourage diffusion. A pure user, outreach educator, and
administrator from Indiana explained, “[W]e try to build the relationship with the faculty long-term ... we hope [through word-of]-mouth the faculty
can tell their colleague[s] how the Cl can help them [i.e., the colleagues] in terms of research ... ” (13 March 2017). This strategy again emphasizes
the need to build long-term relationships with users. The strategy in fact has observed to be working, as the informant continued, “We have some
faculty ... they heard [that] their colleague[s] ... can do something [with SG/CI], and they start to get interested.”

The excerpt above reminded us of a study of hybrid seed corn in lowa in the 1940s, where Ryan and Gross®° discovered that sales agents
provided the information, but it was the interpersonal conversations with neighboring farmers that promoted the adoption of the agricultural inno-
vation. An administrator from Texas with a background in visualization technologies provided an analogy to describe word-of-mouth persuasion in
SG/Cl,

One can argue that class recommendations work especially well among peers that have the same major. The role of having a shared domain adds
to this interpersonal diffusion. A technology developer from Massachusetts stated, “[A]s far as advertisements—a lot of these scientific applications
are really domain specific, so there isn’t as much advertising as much as colleagues providing the information to other colleagues they know would
be utilizing it” (5 November 2018).

An important aspect of persuasion and influence by peers is that potential users can avoid wasting time in adoption SG/CI if it is not a wise
investment for them. The people who can best assess if SG/Cl is a wise investment are the peers of the potential users. A technology developer and an
outreach educator from California shared, “Faculty and researchers don’t have a lot of time to just experiment with whatever the latest or greatest
thingis” (5 November 2018). Instead, he continued explaining that what works is “having somebody in the community that’s local to where they are,
somebody they’ve built up a trust around, that they can go to and say - Is it worth my time to invest in maybe experimenting with this?.” Furthermore,
atechnology developer from Pennsylvania added the notion that if the SG/Cl are produced or coproduced by their domain peers, it can be even more
persuasive. He suggested, “[B]ring the domain scientists closer to the computational resource with tools that are trusted because they are developed
by peers in the field, who are the innovators and who are funded and are motivated to develop those things” (12 July 2017). He continued, “[Y]ou
need the domain scientist that speaks the domain science stuff among their peers.” Collectively, either the goal is to build long-term relationships
with users directly, or rip from users’ organic conversations with their near peers about SG/Cl to further spread the innovation, focusing on building

trust in relationships is critical.

417 | Keepingreliable documentation

The final strategy explores the value and benefits of record keeping and documentation. A reliable documentation includes consistent and depend-
ablerecord keeping of various versions, iterations, and updates over time, with source codes, user guides, instructional materials, and good examples,
so potential users can learn the tools and imagine how they could use the tools in their own research. Reliable documentation signals to users that
the developer teams are keeping up changes and addressing bugs, so users increase their trust and confidence in the tool that it will continue to be
maintained for the long-term.

Documentation is a professional practice. It is often not incomplete in projects by developers who build a tool for their own science. A
scientist-developer and a pure user from Arizona talked about his own tool, “We do have a wiki online, but ... it’s not very user friendly ... [I]t's
more sort of a kind of improvised way of doing some internal documentation” (19 January 2019). However, poor documentation can impede the
adoption of a tool beyond one’s own project.

Documentation is important for training, a strategy previously described. An administrator and technology developer from Canada suggested,
“write better documentation for end users to get some training” (12 July 2017). An informant from lowa described documentation as an ongo-
ing practice, “[O]nce we work on certain projects, we write tutorials and wikis ... So documentation and wiki is important” (17 July 2017). Good
documentation also includes good examples, as an administrator and technology developer from California shared, “getting real world use cases
well-documented and disseminated would be a powerful sales pitch” (3 May 2016).

Good documentation signals to users that the developer team is responsive to users’ input, especially when there are bugs in the tool. Incorpo-
rating users’ feedback will help improve the tool in its next iteration, thus increasing adoption. A coproducing user in California shared that lack of

documentation can be an obstacle for potential users to adopt SG and Cl:

[P]oor documentation is a barrier to entry ... [D]Jocumentation is the unsung hero of most cyberinfrastructure and also the sort
of unrecognized weakness that a lot of cyberinfrastructure has ... [H]aving complete documentation that [is] written hopefully
with the input of someone who's a user and not just the maintainer [and] the developer of the package, is super important ...
(11 July 2017)
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As a summary, we identified seven strategies for external communication for SG/CI adoption and diffusion. Upon deeper reflection, we note
a distinction between the first four strategies and the last three that we discussed. The first four strategies (i.e., raising awareness, personalizing
demonstrations, providing training, and networking with the community) are practices aimed at actively promoting SG/CI, and these activities tend
to be short-term oriented. The next three strategies (i.e., building relationships, stimulating word-of-mouth persuasion, and keeping reliable docu-
mentation) are aimed at organically diffusing SG/CI, and these activities tend to be long-term oriented. Thus, we further organized the strategies
into two categories of aiming at short-term promotion and long-term diffusion, as labeled in Table 1. Given these strategies for RQ1, next we continue

by investigating developers’ perceptions of external communication.

4.2 | Developers’ perceptions of external communication

In this section, we explore the findings to RQ2, “How is external communication perceived by the developer teams behind science gateways and cyber-
infrastructure?” Two findings emerged: the mindset that external communication is mainly for attracting new funding and the belief that external

communication is a skillset that belongs to nondevelopers.

421 | External communication is mainly important for getting continuous funding

External communication is mainly important when the developer team is looking for continuous funding. Specifically, an outreach educator from
Texas shared, “If we're just talking about completing a project that’s already been bought and paid for, you could live without [external communi-
cation]” (26 November 2018). And she continued, “[I]f you want to continue to have funding ... there’s no way you can live without all of those
[communication] outputs ... All of those outputs are hugely important for being able to do the next project.” Another informant, a technology devel-
oper from Massachusetts concurred, “It's not necessarily the PR until it comes to funding. As soon as you're starting to do your next iteration of
funding, then suddenly mass media and public relations becomes a little more important ...” (5 November 2018). He also explained that external
communication is important “in order to promote it to show it as a wider range and useful in other dynamic.” These excerpts suggest that SG/CI
developers tend to believe that external communication is separate from the technology itself, and communication is mainly for getting continuous
funding for the technology in its next iteration.

The distinction between technology development and external communication is further distinguished as the two funding criteria of the
National Science Foundation (NSF). A technology developer from Kansas explained, “So, | would say that external communication, particularly when
you are starting the project—| would say it’s useful, but on the other hand, it's the sort of thing that it can frequently be ignored for moderately
extended period ... " (24 January 2019). Interestingly, the informant suggested that external communication is not required or necessary through-
out the entire duration of the project. In fact, it is something that can be overlooked, at least for a period of time. He continued, “[I]t’s ... like broader
impacts versus the intellectual merit. If you don’t have the intellectual merit, it doesn’t matter how good your broader impacts are, you're going to
get toasted in your idea ... [E]xternal communication is the broader impact[s].”

NSF has two funding proposal review criteria—intellectual merit and broader impacts. Intellectual merit refers to the scientific outputs of the
proposed research, and broader impacts refer to how the scientific outputs can benefit the larger community and society at-large. The informant’s
excerpt suggests that external communication fulfills the second criterion of how much a SG/CI tool can positively impact the STEM community

overall. Here, the informant deemphasizes external communication as ancillary.

422 | External communication is a skillset for nondevelopers

External communication is a different type of skillset than technology development. Informants first distinguished the two skillsets of technology
development versus external communication. An administrator and technology developer from Wyoming shared, “[E]ducation and evangelization
of technology is a different skillset than designing and operating technology ... [W]hen you deploy [a] new technology, you staff up by people
that can design and implement” (21 April 2016). Not only did he distinguish the two skillsets as technology development (e.g., designing and
operating technology) and external communication (e.g., education and evangelization of technology), he also implied that the skillsets belong to
two distinct groups of professionals. He continued, “[Alnd you tend to bring the evangelizers and the educators along last ... ” Not only are the
two skillsets distinct and belonging to two different groups of professionals, the sequence is for external communication to follow technology
development.

While external communication and technology development are believed to belong to two different groups of professionals, some believe that
communication is a teachable skillset. An outreach educator with a doctorate in engineering from Michigan shared, “We’ve been trying to train Cl
professionals how to communicate ... They've been teaching them in business for years. We're just moving them into the CI ...
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It's not just solving a technical problem with cyberinfrastructure, it's the engagement, the person constructive engagement between
cyberinfrastructure engineers and team members and the researchers. And that engagement piece—that personal engagement
piece—has to be part of the solution. You need to hire people who are very technical to do these jobs and the technology is their
bread and butter ... [T]hat's the hammer that they have. But, to be really effective, you need certainly to have that hammer, but you
need to have this sort of mindset of —We're going to personally, constructively engage with researchers and kind of do the legwork
to build relationships and relationships of trust. (12 July 2017)

It's been shown over and over again that it's a teachable skill” (24 July 2018). Although this quote suggests that communication is a teachable
skill, the informant is passionate about it because he recognized that majority of the technology developers do not naturally see this skillset as fitting
their professional role in the field. The punchline of the article can be summarized by the block quote by an administrator and an outreach educator
from California below:

The premise of the article is that for SG/CI projects to have the greatest impacts, the tools need to be widely adopted in the scientific community.
However, diffusion activities are often an afterthought in SG/CI projects. While we foreground the importance of external communication, SG/CI
tools are fundamentally technical. We simply argue not to leave external communication to promote adoption as an afterthought. Therefore, we

revised the pop culture line from “Field of Dreams” to “If You Build It, Promote It, and They Trust You, Then They Will Come.”

5 | CONCLUSION,LIMITATIONS, AND IMPLICATIONS

We identified seven external communication strategies to promote SG/CI diffusion. While we present the themes as distinct, they are intertwined
in practice. For example, we noted that documentation on wiki is for long-term references, but it is also related to providing materials online for
short-term training. Furthermore, word-of-mouth persuasion can cooccur with networking with the community at conferences. We suggest car-
rying out all seven strategies sequentially and concurrently in a combinatorial fashion, adapting to community responses at any given time. Of
course, qualitative social science cannot claim causality. This is a limitation of the present article. The strategies identified came from the informants’
responses, suggestions, and reflections, which helped us formulate on what it may take for developer teams to promote SG/CI diffusion through
external communication. These practices cannot guarantee success because an unfavorable outcome may occur due to reasons beyond anyone’s
control. However, in future work, we plan to quantitatively (in)validate and/or expand the findings by involving more participants in several plat-
forms, whichis possible by utilizing big data cloud services in conducting a survey/interviews as well as collecting and analyzing the data. We envision
using NLP and other big data processing frameworks to help us perform such analyses.

Another limitation is recruiting from XSEDE/PEARC conferences for the study. Because of this focus, informants were primarily administra-
tors, outreach educators, and technology developers. Users are not the biggest attendees and participants of XSEDE conferences in recent years.
Furthermore, those who responded and agreed to be interviewed about SG/Cl adoption and diffusion were individuals who likely already valued
external communication is SG/CI projects. Another limitation of recruiting informants from these conferences was that projects represented in this
study were active and funded projects, given their participation at the conferences. Therefore, the sample does not specifically include projects that
did not have continuous funding at the time of the interviews. Given this, one can perhaps argue that the strategies suggested (or discussed to be
responsible for successes) by informants in active and funded projects at the time of the interviews likely associated with their active and funded sta-
tus. However, such an association is best confirmed by a follow-up quantitative study (such as using a survey questionnaire) to statistically test the
hypothesized relationship. Furthermore, future research could actively seek out informants with experiences involved in failed projects, although
recruitment of such informants willing to openly and honestly share about their failed projects may be difficult.

We balanced being descriptive (summarizing what informants told us they are doing and why) and prescriptive (identifying best practices that
we can document and pass on to optimize external communication in future projects). In the process of ensuring that the key strategies are based on
what informants described in their work during the interviews, we noticed that no one talked about having a formal website for SG/Cl tools. Perhaps
it is a given that there will be a website, or perhaps tools are best disseminated in an organized repository such as GitHub.

Furthermore, we maintain that user support is key to sustaining adoption. This may also be implied by the discussions of training and building
relationships with trust, especially during the implementation phase. However, we can see the use of community forums,2® chatbots3! to aid in
user support. In addition, as we write this article during the COVID-19 crisis, we recognize that tools designed for (or that can be repurposed to
address aspects of) a major crisis will also receive a sudden surge in awareness and publicity, because of the crisis. We sprinkled these observations
as additional efforts summarized in Table 1.

Along the line of trust, we note here that trust is especially important during relationship building for the long-term, our fourth strategy. How-
ever, a closer look at the excerpts summarized in Table 2 reveals that the notion of trust was also mentioned in “Raising Awareness with Success

Stories of Reputable Peers” and “Stimulating Word-of-Mouth.” Although the key word of “trust” was not mentioned in excerpts illustrating “Person-

» o« »u

alizing Demonstrations,” “Providing Online and Offline Training,” “Networking with the Community,” and “Keeping Reliable Documentation,” one

can argue that trust is perhaps necessary and implied in all seven strategies. Furthermore, the notion of “reputation” is also found to be symbiotic
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with trust, especially in the first strategy of “Raising Awareness with Success Stories of Reputable Peers.” Reputation enhances trust, and vice versa.
Although the key word of “reputation” was not specifically mentioned in excerpts related to the other six strategies, one could also argue that a
negative reputation would probably undermine all of them.

Although not always the case, analysis did suggest that developers may become coauthors in joint publications with users in their research. This
finding struck us as interesting for several reasons. First, it means the external communication efforts for SG/CI are different from traditional PR,
advertising, and marketing work in the general public marketplace, where interactions between a “marketer” and a user conclude after the purchase
transaction. Second, it suggests that external communication is necessary to be carried out by developers, as they have the technical knowledge
to help users implement SG/CI to generate findings worthy of publications. Interestingly, findings suggest that what drives developers to engage in
external communication is mainly to obtain the next round of funding, while many also believe that communication is not the skillsets of develop-
ers. We note this as potentially the explanation for why some SG/CI tools lack external communication, and the efforts are often an afterthought.
If communication only represents episodic and occasional efforts, the developer team may risk not being able to sustain continuous funding. Fur-
thermore, we note that external communication only makes sense when there is a solid SG/CI tool to promote and diffuse. Otherwise, promoting a
weak tool is both unlikely to be successful as well as ethically questionable.

While there is a belief that communication is a teachable and learnable skillset for developers, we suspect that it will be difficult to prioritizeitin
practice. The low prioritization of external communication can be further jeopardized by the observation that many informants play multiple roles
in the SG/CI community. In presenting their interview excerpts and quotes, we intentionally chose to list all the professional roles they indicated
during the interviews. Many SG/CI professionals have to juggle between being a specialist in one field, and a master of another task. In fact, many
talked about playing more than two roles during the interviews. Therefore, we can see why external communication is often carried out as a sec-
ondary or tertiary responsibility. While it is admirable, the juggling of multiple roles may compromise the quality of external communication efforts.
Overlooking diffusion strategies is a common pitfall because developers are usually not trained in external communication. Their job should focus
on the technical dimensions, rightfully so. Moreover, carrying out effective external communication is extremely time-consuming. Developers are
often already overwhelmed by their technical responsibilities. The ideal situation would be for there to be a full-time communication professional
on every SG/Cl team. In this ideal case, a team would be putting in practice Kee and Schrock’s?* principles of seeking multidisciplinary expertise (to
bring on communication professionals), having bridging liaisons (between users and developers), setting shared goals (between developers and the
communication professionals to seriously promote SG/CI). However, it is often difficult to build into the budget of project to support full-time per-
sonnel to engage in external communication. Given this, we warn against the fallacy of “If You Build It, They Will Come,” lest that good SG/Cl fails to gain
traction due to practices that can be proactively engaged to promote uptake. We write the present article as another piece of evidence for projects
to reference in funding proposals to request a bigger budget for external communication and strategic diffusion to increase broader impacts.

Given the longer-term and systemic nature of the challenges identified, we present some short-term and low barrier solutions for readers to
consider, in the event that SG/CI developer teams would like to increase external communication and address the fallacy discussed in this article.
First, developer teams can work with the ‘strategic marketing and communications’ (SMC) office (or an equivalent of such an office, whose name
may vary across universities), and get a blogpost out about the project, so to increase the awareness of SG/CI within and across campuses. Then
the developer team can further share and tweet out the blogs for further diffusion through their social media networks. Along the same line, SMC
offices are usually responsible for their universities’ social media presence (in addition to the blogpost). A developer team can request additional
social media PR and advertising efforts to get the word out. Second, the SMC office can also sit down with SG/CI developer teams and help them
explore strategies to access local resources developers are unfamiliar with or unaware of. For example, the university’s vice president for research’s
office may put out monthly/quarterly research newsletters or magazines. This additional venue, in addition to other types of local resources, may be
helpful.

Third, developer teams could consider consulting with books such as “Marketing for Scientists” by Kuchner,32 a staff scientist at NASA's God-
dard Space Flight Center, who learned about marketing from his successful country music songwriting career. Fourth, developer teams can identify
multiple tool repositories and community forums, such as GitHub, StackOverFlow, and other venues where there is an active dialogue, and introduce
their tools appropriately. Fifth, domain specific tools, such as the CyNeuro Science Gateway at the University of Missouri-Columbia, has seen suc-
cesses also with partnering with neuroscience faculty inintroducing CyNeuro in classes, thus influencing adoption of the tool by the next generation
of scientist users early in their career. Finally, developer teams can invite the involvement of graduate students (or undergraduate students, faculty)
at their home campus from departments such as communication studies (for interpersonal communication), mass communication (for science com-
munication), public relations (for campaign strategies), advertising (for marketing strategies), and so forth, in exchange for a research opportunity
for thesis projects, class projects, and so forth (although logistics of this suggestion may require some efforts).

To conclude this article, we propose an intervention at the funder’s level. Given the funding assumption for external communication, the NSF
could consider accepting a “communication management plan” either as an optional supplement or potentially arequirement in the long-term during
funding proposal submissions. Such a plan, similar to the current practice of requiring a “data management plan,” would encourage principal investi-
gators (Pls) and their collaborators to be more thoughtful about external communication at the proposal stage. This could encourage Pls to consider
budgeting for a communication professional to join the team or to budget appropriate time for technical personnel to have protected time to



KEEET AL. WI LEY 17 of 18

prioritize external communication throughout the entire project. This may increase a PI’s chance of continuous funding by design, while increasing

the adoption, acceptance, and diffusion of the SG/CI tool the developer team produce.
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