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1 Introduction
NSF’s vision of a Cyberinfrastructure Framework for 21st Century Science
and Engineering identifies advancing new computational infrastructure as a
priority for driving innovation in science and engineering. Innovation occurs
through advances in computing facilities, scientific instruments, software en-
vironments, advanced networks, data storage capabilities, and the critically
important human capital and expertise. Software is thus an integral en-
abler of computation, experiment and theory and a central component of
the new computational infrastructure. The Software Infrastructures for Sus-
tained Innovation (SI2) program fosters this vision, and promotes research
through several funding instruments. It has built a vibrant community of
researchers who hold annual principal investigator (PI) meetings in the form
of a workshop.

In this series, the fifth SI2 PI workshop was held at Westin Arlington
Gateway on February 21–22, 2017. The website for the 2017 meeting is on
the coverpage and this link also leads you to the websites of the 2013–2016
workshops. The organizers for the 2017 event were:

• Ganesh Gopalakrishnan (PI), Professor, School of Computing, Uni-
versity of Utah, http://www.cs.utah.edu/~ganesh

• Yung-Hsiang Lu (co-PI), Associate Professor, Electrical Engineering,
Purdue University, https://engineering.purdue.edu/HELPS/Faculty/
yunglu.html

• Matthew Knepley (co-PI), Assistant Professor, Department of Com-
putational and Applied Mathematics, Rice University, http://www.
caam.rice.edu/~mk51/

• Kyle Niemeyer (co-PI), Assistant Professor, School of Mechanical,
Industrial, & Manufacturing Engineering, Oregon State University,
https://niemeyer-research-group.github.io

• Matthew J. Turk (co-PI), Assistant Professor, School of Information
Sciences/Astronomy, University of Illinois Urbana–Champaign, http:
//www.astro.illinois.edu/people/mjturk

• Nancy Wilkins-Diehr (Senior Personnel), Associate Director, SDSC,
University of California San Diego, http://users.sdsc.edu/~wilkinsn/

We now summarize the planning and execution of the 2017 workshop §2
and the salient outcomes focusing on audience breakout sessions and the exit
survey §3. We close with lessons for future instances of this workshop §4.
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2 Planning and Execution
We present how the SI2 PI meeting’s design was approached and planned
by the PIs (§2.1). We then present the highlights of the meeting as it played
out, and as observed and recorded by the PIs (§2.2).

2.1 Approach and Plan

The organizers got together over Google Hangouts about once a month
initially, and approaching once a week as the workshop drew closer. A
proposal to NSF was written around September, and finalized and submitted
around the middle of October 2016. A contract with Conferences and Events
of the University of Utah was signed around this time, with Meghan Webb
serving as the coordinator. A contract with KnowInnovation was also signed
around then, with Tim Dunne and Costa Michailidis serving as coordinators.
A room-block was requested of Westin Arlington Gateway and the hotel
contract was finalized. The requisite security deposit of $2,000 was kindly
waived by Westin, thanks to the indulgence of Alessandro Sifuentes.

From past SI2 attendee feedback, it became clear that while the atten-
dees like the atmosphere of an “unconference” (loosely formatted and organic
in terms of the exact agenda), they also liked to have some direction overall.
To accommodate this point of view, we designed our workshop by having
more structured meetings on the Day-1, but evolving more to an “unconfer-
ence” format on Day-2. Reproducibility was chosen as a prominent theme
to carry through the program.

A significant organizational headache in past years was the provision of
upload sites for audience posters. Taking this responsibility up, in addi-
tion to all the other responsibilities of running a workshop, can be quite
overwhelming. This year, we decided to rely on Figshare as a “one-stop
shop” for poster uploads as well as the speaker slides. Figshare agreed to
provide a meeting landing page, accessible to all via https://nsf-si2-
pi.figshare.com, at no charge. PIs attending the meeting were instructed
to upload posters themselves, and tag the submission with NSF-SI2-2017,
which Figshare then used to collect all submissions for the portal.

Key to any successful workshop are the keynotes, and this time we were
lucky to be able to field four invited keynotes on Day-1 and an invited
keynote on Day-2.
The keynotes on Day-1 were by

• Lorena Barba of the George Washington University (“Title: How to
run a lab for reproducible research”),
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• Jed Brown of the University of Colorado at Boulder (“Title: Commu-
nity building through software design”),

• Eric Klavins of the University of Washington, Seattle (“Title: The
Aquarium Laboratory Operating System”), and

• Tim Menzies of NC State University (Lunchtime talk, “Title: Under-
standing software: recent lessons from empirical SE”).

The keynote on Day-2 were by
• Tracey Teal of Michigan State University (“Title: Democratizing and

supporting software development: a pathway to sustainable software”)
In addition, the following presentations were made by NSF program offiers:

• Day-1 was marked by a presentation by Rajiv Ramnath (Program Di-
rector, ACI) and Irene Qualters (Division Director of ACI), describing
their respective programs.

• Day-2 was also marked by presentations from Steven Konsek (Pro-
gram Director, I-Corps), and Jim Kurose (Assistant Director of CISE)
describing their respective programs.

2.2 How the Plan Played Out

An overview assessment by the PIs and the organizing crew (KnowInnova-
tion and Conferences and Events) is provided in §2.2.1. We also provide the
reader about the themes covered in various keynotes, in §2.2.2.

2.2.1 Overview Assessment by the PIs

The PIs felt that overall the meeting worked according to plans, and that it
was an overall positive experience for the participants. Clearly, some of the
goals were missed and the unexpected did crop up; they are duly noted in
this section at a high level, as well as more objectively in §4.

Audience Strength and Room Capacity: The number of registrants
took everyone by surprise (around 140 registering). This created some sig-
nificant concerns regarding how we were going to allocate seating in our
primary ballroom and also arrange for the breakouts. Fortunately, with the
experienced KnowInnovation crew (Tim Dunne and Costa Michailides) and
University of Utah Conferences and Events lead (Meghan Webb) working
together, these issues were smoothly resolved. In fact, in the lead-up to the
SI2 PI meeting, Tim, Costa, and Meghan had figured out many of the logis-
tical details and had planned for contingencies. This chemistry was crucial
for the smooth experience delivered over nearly two days.
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These issues are likely to be different for 2018 and the following years, as
(1) NSF is relocating to Alexandria, thus potentially changing the hotel that
future organizers might work with. However, given the working relationships
with Westin Arlington Gateway, the 2018 organizers might like to continue
with them. (2) SI2 is growing in terms of the number of actively funded
projects, thus requiring some more planning on whom to invite and when
the size of the audience begins to detract from the quality and intimacy of
everyone’s experience. (3) NSF likes to be more inclusive, allowing more
outside attendees (besides the SI2 funded PIs) to benefit from this (rather
resource-intensive) PI workshop. All these points are elaborated in §4.

Keynotes: The PIs took to heart the comments from last year where peo-
ple wanted to hear about topics of general relevance to the software commu-
nity. Overall, the keynotes were very well-received. The keynote speakers
gave uniformly excellent talks, and thus inspired the audience members to
engage well in breakouts. The time allotment also seemed very good (25
min for the talks with a 10 min Q/A period at the end).

Keynote Topic Seeding and Chair Assignment: The PIs worked with
KnowInnovation and seeded breakout topics ahead of time into the Google
docs that were designated for the various breakouts. The keynote speakers
were also informed of these topics. During Day-1, it appeared as if these
seeded topics were pursued almost unmodified. During Day-2, the format
was a bit more democratic where proposals for topics were solicited live.

The assignments of chairs for the different sections worked well. There
was little problem managing the time. Again, KnowInnovation serving as
MCs really played out well (as also observed by the NSF Program Officers).
Tim Dunne and Costa Michailides are becoming very aware of our commu-
nity and thus are able to say the right things at the right time, lead the
audience well, and also coordinating with the PIs when things change.

NSF Program Officer Participation: All the NSF Program Officers
contributed to the workshop by articulating the directions of ACI and of
CISE. It was good to be reminded of the importance of what the SI2 PIs are
contributing to. Arranging breakfast on Day-2 with selected (junior) PIs
and Jim Kurose (Assistant Director of CISE) was a good overall experience
for everyone—something worth repeating.
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Poster Session: The poster session continues to be problematic. This
year, we had attempted to highlight posters by having the PIs affix “dots”
(stickers) informing the audience of the career stage of the presenter (early
career etc) and the funding stage of the project (early, mid, ending, etc). We
also had attempted to force mixing through “scavenger hunts” and similar
activities. Unfortunately, the audience feedback (even the PIs’ own experi-
ence) was that the poster session requires more work.

2.2.2 Keynotes, and Their Gist

Prof. Lorena Barba [1] echoed the theme of reproducibility, this time with
her CFD codes in the Python environment. Using Jupyter notebooks, stu-
dents can follow along with the derivations, supplemented by informative
graphics and animations. The open development process makes reproduc-
tion by other groups immediate, and clarifies implementation issues that are
often hidden in publication.

Prof. Jed Brown [2] from CU Boulder showed how software design can
be used to make projects more collaborative and open to community con-
tributions. A central theme was that plug-in architectures internalize open
world assumptions, which allow smooth integration of user contributions,
removing the counter-productive distinction between developers and users.
Many examples of potential pitfalls coming from real-world library devel-
opment illustrated this point. The aforementioned changes in software ar-
chitecture must be paired with changes in the social organization of the
project to empower new contributors. Development should be conducted in
an open forum, such as a hosting site, and design decision should be dis-
cussed openly and respectfully. Not only can this enlarge the community
of users/contributors; it avoids the “technical debt” of integrating forks up-
stream. Finally, an exhortation was given to properly cite software libraries
and applications used in the course of research, and an excellent bibliography
detailing these arguments was given.

Prof. Eric Klavins [3] of the University of Washington introduced the
audience to his Aquarium framework for the formal representation of syn-
thetic biology work-flows. The leverage from abstraction, combined with
auto-generated easy-to-follow graphical work-flows, enabled reproducibility
in experiments by even lab technicians who have received a very modest
amount of training. This level of reproducibility had previously been out
of reach, even for very experienced lab personnel at top research institu-
tions. The lab protocols automated through Aquarium thus offer a pathway
toward transferable lab protocols and formal codification of experimental
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procedures.
Prof. Tim Menzies [4] gave a lunch-time keynote where he narrated

lessons from empirical software engineering that could be translated into
practice by SI2 PIs. The focal theme was quality assurance of software.
The key message was that “data makes all the difference.” One striking
example was test case prioritization where the quality of test suites (with
respect to their propensity to trigger failures) went up from about 25% to
nearly 75% after adopting data-driven methods.

Prof. Tracey Teal [5] presented the point of view of Software Not as a
Service. The key observation made was: “In a world of almost infinite data,
it is code and software that turns data into information and knowledge.”
Thus, people in the academia cannot outsource software development. The
requisite cultural shift demands that we (1) build local talent, (2) support
development, and (3) collaborate.

3 Outcomes: Attendee Breakouts, Exit Survey
We summarize our primary outcomes under two headings: Summaries of
attendee breakout sessions (§3.1) and summaries of our exit survey (§3.2).

3.1 Summary of Attendee Breakout Sessions

The 2017 SI2 PI meeting featured three breakout sessions. The first break-
out was on reproducibility. The second breakout covered many participant
proposed topics. The third breakout was on education and training for
sustainable software development. We summarize below the gist of various
breakouts (for details, please see a detailed Google doc maintained at https:
//drive.google.com/drive/folders/0B8RnYdT2MFgfcFNYSE1BUUtvVGc.

Reproducibility Breakout: This breakout was triggered by the invited
talks of Lorena Barba, Jed Brown, and Eric Klavins.

Breakout groups under this theme discussed the definition of repro-
ducibility: Is it procedural or procedural with data? In some fields, the
sources of data are intrinsically transient (e.g., biomedical samples) and
cannot be preserved. In terms of software, executing software also involves
compilers, libraries, operating systems, and hardware. Moreover, some solu-
tions have built-in non-deterministic steps (such as using random numbers).
Thus, reproducibility needs to be clearly defined. The benefits of repro-
ducibility needs to be described, for example, as a requirement for publica-
tions or a way to publicize projects. It may be necessary for professional
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societies (such as ACM or IEEE) to create standard procedures. Funding
agencies, such as NSF, may need to provide templates to help investigators
develop reproducible discoveries.

One breakout group came to the conclusion that researchers who feel
strongly about reproducibility should lead by example, and “market forces”
would pressure other PIs to follow their collaborators/competitors. An anal-
ogy was made to the NSF Data Management Plan, which is required but
without explicit requirements. In addition, the benefits of reproducibility
and reproducible research need to be made more clear and obvious—simply
forcing people (or trying to) will not succeed.

Attendee-Proposed Breakout Topics: Interest in these breakout top-
ics were expressed by the attendees while they registered (such topics were
solicited by our registration page). The following topics were discussed:

• Developing a new funding model in which NSF awardees may pay
other research teams for using and maintaining software.

• Understanding the lifecycle of software and determining when main-
taining software is no longer cost-effective.

• Broadening of the software development education process to include
students, researchers, and faculty outside computer science/engineering
disciplines.

• Developing cloud-based solutions to facilitate software development
and data storage.

• Creating metadata so that software can be discovered more easily.

• Cultivate communities of users and developers.

Education on Software Development Breakout: This breakout was
triggered by the invited talk of Tracey Teal, co-founder and Executive Di-
rector of Data Carpentry. This breakout session covered many topics re-
lated to education, including how to create guidelines for contributors of
open-source software, training new developers, identifying domain-specific
knowledge and skills needed for software development, and career paths for
software developers in research projects.

One session began as a breakout discussing how training and practices
should be required to be described in an NSF proposal, and ended with the
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organizers inviting a response to NSF CI 2030 from the entire SI2 commu-
nity. Those in the session observed that software used in research comes from
many sources—e.g., commercial packages, independently developed scripts
and programs, software associated with instruments. It is important that
research teams understand how to use software properly so that research
integrity, reproducibility and trust in findings can all be maintained. The
group suggested that wording be added to the NSF Grant Proposal Guide
requiring a software plan (which would include training) in addition to a
data management. The plan would include descriptions of the use and val-
idation of software as well as the training of project participants in proper
use.

Those in a separate breakout discussed the design of on demand training
for a user community. One PI hosts five-day “user and developer” work-
shops and pays for every graduate student attendee’s costs (from the SI2
award). The workshops are a mix of talks, future topics, and hands-on work.
Hackathons (without the talks) have also helped build community very well.
This constitutes almost one-third of the annual development of the package.
One group uses a GitHub repository with issues, tagging them with various
categories so that attendees can identify what they want to work on. Creat-
ing small tasks and showing progress can motivate contributors. Sharing the
planned feature list and engaging with those suggesting additional features
on their prioritization is also a good way to build priority. There was also
great enthusiasm in using Git to teach classes. The principles can be taught
easily and then Git can be used, both in software development and for the
authorship of websites and papers.

Others spend no money on travel, but build community by interacting
with the many people who download the code (and find errors). They find
such benefit to creating and maintaining the community, “keep kissing the
frogs”, make small releases, and the community will grow. Jupyter note-
books were discussed as a way to turn users of codes into developers. One
attendee observes that the webinars with the most repeat views are those
that demonstrate how to do something—changing parameters and seeing
what happens. This sort of thing is rarely shown in classes. The more
theoretical lectures have far fewer viewers.

Finally, one group discussed the important topic of career paths for peo-
ple who are essential but don’t want to become academic PIs. Career paths
are essential to slow the talent drain as industry snaps up top people. Sus-
tainability in a grant-funded environment in general is challenging. Some
find that independent research units and quasi academic, national lab sce-
narios can work as well as redirection of some facilities and administrative
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(F&A) income at universities to research software staff. For the latter to
happen, universities must be convinced that research computing, including
software development, is a core facility akin to libraries. Some suggest that
NSF could guide universities in this regard.

Job security could also be tied to degree activities, for example building
degree programs in scientific computing where research software program-
mers teach as well. Alumni from these programs could be a source of dona-
tions. Others feel industry could help fund centers if students then went to
work for those industries.

The group observed that the current configuration is not sustainable for
career path development.

3.2 Exit Survey Highlights

As in past workshops, at the close of the meeting we sent out an exit sur-
vey for attendees to give feedback on the workshop organization, structure,
keynotes, etc. Unlike in past years, this survey was administered via Google
Forms, and also sent out prior to the close of the workshop—dedicated time
was included in the schedule for attendees to begin completing it. The
survey questions included:

1. Please describe your role/identity in your own words (e.g., computer
scientist, software engineer, physicist)

2. Did you get what you wanted out of this workshop? Why or why not?
3. Comments or suggestions for improvements for the 2018 SI2 PI work-

shop organizers?
4. How did the KnowInnovation-facilitated, participant-driven style of

this workshop work for you?
5. How many potential collaborators did you meet?
6. Give one scientific advance that would not have been possible without

your software. What about any software?
7. What questions, issues, or problems did you have coming into the

conference that you wanted to explore?
8. How many new questions emerged along the way?
9. Would you like to highlight any particularly important questions, is-

sues, or problems?
10. What questions, issues, or problems did you find a good solution for?
11. Would you like to highlight any particularly good solutions you found?
12. Would you like to highlight any particularly important unanswered

questions?
13. How many people did you meet that you will touch base with again

11



in the next year?
76 attendees responded to the exit survey, which represents a bit over

50% of the number of registrants. Although this represents a substantial
increase over the post-workshop survey response rate from 2016 (only five
out of 98 attendees responded), we had hoped to achieve a higher response
rate by providing time at the end of the workshop to begin filling out the
survey. However, many attendees had already left at this point.
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Figure 1: Self-identified roles of exit survey respondents. “Other” includes,
e.g., PI, professor, atmospheric/earth/bioinformatics scientist, software de-
veloper.

Figure 1 shows the roles self-identified by survey respondents; nearly
one-third identified themselves as computer scientists. (Note that some re-
spondents identified themselves with multiple roles.)

In terms of the feedback given, all but six respondents indicated they
got what they wanted out of the workshop, at varying levels. Frequent pos-
itive feedback focused on productive discussions, high-quality invited talks,
networking with people both working in scientific software and potential col-
laborators, and meeting NSF officers. Negative feedback, on the other hand,
mentioned too few people in the respondent’s domain, with one comment
complaining about a lack of “substance”.

Common themes of the suggestions for the next workshop include:
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• Schedule: the schedule should be finalized earlier, and include more
time for breaks/have a less-intense first day. In addition, the first day
could start later to better accommodate those coming from the West
Coast.

• Venue: the venue is not convenient for everyone, and the room barely
fits all attendees. In addition, multiple respondents pointed out the
lack of protein at breakfast the first day.

• Talk/breakout balance: many respondents commented on the im-
proved quality of invited talks over previous years, and would pre-
fer more time dedicated to those over the breakouts, which some felt
included topics of less-than-wide interest.

• Improved website: many commented on the poor quality and lack of
content on the meeting website1, and specifically requested access to
an attendee list prior to the workshop.

• Workshop outcomes: identify clear desired outcomes for the workshop,
beyond collaboration and networking.

• Facilitators: continue working with workshop facilitators like KnowIn-
novation; all but six survey respondents gave positive feedback on their
facilitation and the general participant-driven structure of the work-
shop. Some felt they should take a greater role preventing people from
dominating discussions.

Figure 2 shows the self-reported numbers of (potential) collaborators
met by the survey respondents, with an average of 3.6 people met. These
results indicate that the majority of respondents made new connections and
met multiple possible collaborators, solidifying this as one major benefit of
the workshop.

4 Lessons for Future Meetings
The committee, with encouragement from NSF, expanded the meeting be-
yond the SI2 Program to include other software efforts, such as PIs from
EAGER, RAPID, and VOSS awards and the Molecular Sciences Software
Institute. The inclusion of outside researchers provided valuable input for

1Author note: an improved website was built after the website, which can hopefully
be used as a template for future workshops
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Figure 2: Self-reported numbers of potential collaborators met.

the breakout sessions and general discussion, and did not seem to detract
from the focus of the meeting.

The committee greatly benefited from the expertise of members who
had organized the prior PI meeting. It is highly recommended that some
members carry over for each round. In addition, the University of Utah staff
were very valuable in the organizational process. It is recommended that
the lead PI have some institutional support for meeting organization. We
also benefited from the expertise at KnowInnovation, and would recommend
this service again. However, the management of process information, as well
as the meeting website and registration, could be improved. Currently there
is no central repository for this information. Building on the Google Pages
site from this meeting, a comprehensive management solution should be
implemented in the next round2. Moreover, it is important to get an early
start on planning. This means that the meeting committee must be selected
very soon after the prior meeting.

The selection of speakers was greatly simplified by narrowing the focus
of the invited talks. Speakers were chosen to highlight reproducible science
and community development. It would likely be advantageous for the next
committee to similarly define a theme for the meeting. The committee
discussed the balance between speakers and breakout sessions, and opted
for a few, main speakers and more time devoted to community discussion.

2Following the meeting, an organization was created on GitHub, SI2-PI-community,
and a more-complete website via GitHub Pages: https://si2-pi-community.github.
io/2017-meeting/
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The breakout time was very productive for this meeting, and contributed
many new insights. Future meetings might benefit from further thinking on
better ways to synthesize and report the findings of breakout sessions; for
example, facilitators can focus the breakout groups on outcomes or outputs
rather than just discussion, and the report-backs to the larger group should
include a (documented) list of takeaways, conclusions, or action items.

One of the biggest challenges facing the 2017 organizers was the increased
size of the SI2 community, and the resulting increase in number of attendees
for the workshop

A few options, which can be adopted separately or in combination, in-
clude:

• Charge a nominal registration fee, for example $100 until an early cut-
off date and with an associated poster upload. Then, the registration
fee could increase to $200 for late registration or if no poster is up-
loaded. This mechanism could also be used to allow non-SI2 PIs to
attend the workshop and learn about the program (although this does
not help the size problem).
This option does present a few challenges: SI2 PIs did not budget
funds to cover this registration fee in their original proposal, and per
the proposal and program guidelines PIs are required to attend yearly
PI meetings. The latter requirement may need to be relaxed.

• Limit the attendees to one representative per project, including col-
laborative projects across multiple institutions.

• Set a hard registration deadline, after which attendance will not be
permitted. Again, this would be challenging to implement currently
based on the required attendance rule. However, in addition to pos-
sibly limiting the numbers of attendees, it would also ensure that the
workshop size is fixed earlier.

• Find a larger, less expensive venue. The new NSF location may have
a better venue nearby, or a less-expensive locale could be selected (if
NSF program officers are amenable—one frequently mentioned bene-
fit in the attendee feedback is the ability to talk with multiple NSF
representatives).
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