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ABSTRACT

Jetstream is the first production cloud funded by the NSF for con-
ducting general-purpose science and engineering research as well
as an easy-to-use platform for education activities. Unlike many
high-performance computing systems, Jetstream uses the interac-
tive Atmosphere graphical user interface developed as part of the
iPlant (now CyVerse) project and focuses on interactive use on
uniprocessor or multiprocessor. This interface provides for a lower
barrier of entry for use by educators, students, practicing scientists,
and engineers. A key part of Jetstream’s mission is to extend the
reach of the NSF’s eXtreme Digital (XD) program to a commu-
nity of users who have not previously utilized NSF XD program
resources, including those communities and institutions that tradi-
tionally lack significant cyberinfrastructure resources. One manner
in which Jetstream eases this access is via virtual desktops facilitat-
ing use in education and research at small colleges and universities,
including Historically Black Colleges and Universities (HBCUs),
Minority Serving Institutions (MSIs), Tribal colleges, and higher
education institutions in states designated by the NSF as eligible for
funding via the Experimental Program to Stimulate Competitive
Research (EPSCoR). Jetstream entered into full production in Sep-
tember 2016 and during the first six months it has supported more
than a dozen educational efforts across the United States. Here, we
discuss how educators at institutions of higher education have been
using Jetstream in the classroom and at student-focused workshops.
Specifically, we explore success stories, difficulties encountered,
and everything in between. We also discuss plans for increasing
the use of cloud-based systems in higher education. A primary
goal in this paper is to spark discussions between educators and
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1 INTRODUCTION

Jetstream is a recent addition to the XD (eXtreme Digital) national
cyberinfrastructure (CI) funded by the National Science Founda-
tion [20]. Previous awards have been aimed at traditional large-
scale high-performance computing (HPC) systems such as Blue
Waters, Kraken, and Stampede [15–17] These HPC systems have
been utilized by thousands of researchers at almost 400 academic
and research institutions in the last five years. [10]

Over time, the focus of the awards has changed somewhat. While
the need for HPC resources has not decreased, the desire for differ-
ent types of computing resources has also been seen as a priority
for the national CI. This started with the NSF 13-528 (Track IIf)
[18] awards for Comet and Wrangler, showing a diversification
into heterogeneous HPC and virtual cluster systems and big data
processing respectively.

The next step in these awards was looking at novel approaches
to research computing. The solicitation for the NSF 14-536 (Track
IIg) proposal asked applicants to “include capabilities suitable for
addressing emerging computationally intense scientific and engi-
neering research topics, workflows and communities that are not
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Table 1: Survey Instrument Questions

Item Answer Type
In what context did you use Jetstream? Course, Workshop, Other
In what context did you use Jetstream? - Other Text Open-ended Response
What was the course name or workshop/event title? Open-ended Response
Institution Open-ended Response
Location Open-ended Response
Primary target audience of your class/workshop? K-12 students, undergraduate students, graduate stu-

dents, researchers, technical staff, faculty, other
How many students/participants did you have? Open-ended Response
Do you consider the use of Jetstream in your class/workshop a success? Yes/No
Considering the level of success (or failure) you experienced in using Jetstream
in your class/workshop, please elaborate on your experience.

Open-ended Response

In your view, what did Jetstream do especially well in the context of your
class/workshop?

Open-ended Response

Considering its educational uses, what aspects of Jetstream could be improved? Open-ended Response

optimally served by current XD or Blue Waters resources.” [19]
While not specifically discussing cloud technologies, this was seen
as a logical progression for NSF-funded research and education
systems. The two winning awards, Jetstream and Bridges, incorpo-
rate cloud solutions as part or, in the case of Jetstream, all of their
offerings to the US research and education communities.

Though exploring new methods and systems for research was
a primary focus, the underlying mandate was to “less traditional
computational science communities” [19] where ease of use would
be a crucial aspect. In this regard, ease of use could mean both
providing a graphical user interface (GUI) as well as creating an
application library that would be useful and usable for researchers
and educators. Jetstream outlined both of these as primary goals
from the start [23] as well as other features and services designed
to facilitate the use of Jetstream by educators and researchers who
typically did not use the eXtreme Science and Engineering Discov-
ery Environment (XSEDE) resources for their work [9]. Expanding
cloud services and creating research-as-a-service will further the
goal of creating a programmable cyberinfrastructure that will be
flexible in meeting the needs of educators and researchers through-
out the United States. Through the course of this paper, we examine
what the Jetstream team has attempted to do to enhance educa-
tional use of Jetstream and look at use cases where varying degrees
of success were achieved.

2 JETSTREAM DESIGN AND FEATURES

Since the mandate was to create a different type of resource for
research and education, the Jetstream team took a different ap-
proach from the traditional HPC models. Providing on-demand
cloud services wasn’t enough to differentiate Jetstream from com-
mercial offerings. Jetstream was designed from the start to focus
on science, supported and run by staff that are experienced in sup-
porting researchers already. One very important design goal was to
make a more user-friendly research and education cloud. Jetstream
partnered from the start with iPlant (now CyVerse) to adapt the
Atmosphere web-based GUI for creating, managing, and accessing
virtual machines (VM) [14]. This removed the need for researchers

and educators to be experts in the methodologies to create and
manage VMs. In addition, creating VMs with GUI desktop environ-
ments to let people have an environment similar to the desktop
environments they are used to already was key for creating a more
inviting user experience. Another key feature for making Jetstream
use easier was creating a set of curated VMs. The Jetstream team
manages a set of “Featured Images” that range from basic Linux
operating systems that are routinely updated and patched for secu-
rity items to images with research software such as Matlab, Galaxy,
and R/RStudio. Jetstream users can use these stable and managed
VMs to build their own customized workflows and preserve them
for future use, creating reproducible, consistent environments for
their research or classes and for the Jetstream user community if
they choose.

3 USING JETSTREAM FOR EDUCATION

Jetstream’s goal is to “provide self-serve academic cloud services,
enabling researchers or students to select a virtual machine (VM)
image from a published library” or to “customize their own virtual
environment.” This was the first step to creating a system not only
suited for research but also instructional use [23]. Beyond that, the
goals for providing for the best electronic learning environment
are designing for interactivity, quality content presentation, and
appropriate GUI [7]. A key feature of Jetstream is that it allows
educators and researchers to create the environment tailored for
their needs using command line interface (CLI) or GUI.

One of the best ways to expand the use of new resources beyond
the typical researchers and research areas is to use the system to
educate other researchers, educators, and students. The Jetstream
education, outreach, and training (EOT) team has worked with
members of various institutions, including both of Jetstream’s phys-
ical hosts, Indiana University and University of Texas at Austin, as
well as a number of others. Multiple workshops on using Jetstream
have taken place at conferences and afternoon seminars to attract
researchers and educators to Jetstream by showing its ease of use
and discussing how Jetstream would benefit them.
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One of the desired side effects of these workshops and seminars
is for researchers and educators to create their own XSEDE startup
allocations for Jetstream. Though there is no reported metric for
defining the number of allocations applied for immediately after a
workshop or seminar, anecdotal evidence shows that every work-
shop does yield a minimum of 2-3 new allocations shortly afterward
from attendees. The EOT team, though, is constantly looking for
opportunities to expand the reach of Jetstream to new audiences by
conducting workshops or partnering with those who teach courses
or workshops and helping them move their projects to Jetstream.

3.1 Overview of Education Allocations

Jetstream utilizes the XSEDE Resource Allocation System (XRAS)
for awarding allocations. The process for obtaining an Education Al-
location is fairly simple, requiring a current curriculum vitae (CV),
the course description/syllabus, and a justification of resources [24].
From March 2016 to March 2017, there were twenty-three edu-
cation allocations awarded on Jetstream totaling over 2.5 million
cpu hours [10]. These allocations were awarded for educational
program development and limited engagement workshops, as well
as for semester-long courses. We will examine some of these vary-
ing educational uses as a basis for shaping Jetstream’s role as an
education resource.

4 MATERIALS AND METHODS
4.1 Participants

Participants for this survey were selected from the list of active
Jetstream education allocations; as of March 2017 there were 23
active education allocations on Jetstream. Potential participants
were principal investigators (PIs), co-principal investigators (Co-
PIs), or key personnel who (as of March 31, 2017) had used or
were actively using Jetstream resources to conduct workshops and
courses using Jetstream cloud resources for instruction and course
assignments. There were fourteen potential participants identified
as having used at least a portion of their allocation (more than 0
Service Units, the “currency” of XSEDE, utilized); nine individuals
agreed to participate and did so with informed consent. The courses
and workshops covered in the survey results that gave permission
to disclose are shown in Table 2.

4.2 Survey Instrument

The goal of the survey was to find how Jetstream was used, what
went well, what could be improved, and if there were ways that
educators felt cloud services in general could be made more attrac-
tive for classroom use. This survey was approved by the Human
Subjects Office at Indiana University. Survey instrument items and
types of responses are in Table 1.

4.3 Survey Administration

After potential participants were identified, they were sent an invi-
tation to participate over email. A follow-up e-mail was sent one
week after the initial invitation. A final e-mail was sent out two
weeks after the initial request. This survey was unusual in that

participants were able to share their identities and all but one did
so.

5 RESULTS
Of the 14 active and used or in-use allocations identified, nine indi-
viduals (64.29%) agreed to participate. 100% of respondents reported
that their use of Jetstream was a success. Several of the allocations
had multiple PIs. Of the allocations, two had two respondents each,
so results represent six of the allocations. Of these six, one specified
that they did not want their results disclosed. One completed the
survey but did not include enough information to discuss their
workshop in any meaningful fashion. Thus, only four responses
are presented below by individual course/workshop.

5.1 Course Review 1

The largest educational use of Jetstream to date was for the course
from the Indiana University School of Informatics – “I535 Man-
agement, Access, and Use of Big and Complex Data”. This course
covered topics including “data integration, workflows and pipelines,
and distributed noSQL stores” [21]. This course had almost 200 un-
dergraduate and graduate students enrolled and utilized multiple
customized images for two projects spanning six weeks of the se-
mester. The instructors installed Hadoop and a modest data lake
for doing data retrieval (MapReduce) exercises. They also utilized
MongoDB for student exercises using noSQL databases.

This particular use-case started as a discretionary allocation for
research awarded by the PI of Jetstream to a faculty partner, Dr.
Plale, at Indiana University. The PI expected that the allocation
would be used for prototyping Jetstream use for various projects
that Dr. Plale was involved with, and not in a classroom setting. The
first indication that it was being used for instructional use came
when a couple of support requests came in from students in that
course; however, it was not until there was a network outage on
the IU-based Jetstream cloud that we become aware that there were
so many students enrolled in that class.

This course tested Jetstream’s limits early in its production. Hav-
ing several hundred new users pushed on to the system, launching
virtual machines (VMs), working with them, and suspending them
helped us make Atmosphere more robust for both the users and
support. There were several incidents where we had to work with
the instructors to quickly solve unexpected issues related to the
sudden growth and use of Jetstream. The instructors indicated that
they were very pleased with the support provided by Jetstream for
their students. They also expressed satisfaction overall with the use
of Jetstream in their course. One felt that Jetstream could make tu-
torials available for students to help make Jetstream easier to learn
to use. While the end results were very positive, we learned some
valuable lessons about support, expectation management, handling
outages, and generally trying to help users with the system.

5.2 Workshop Review 1

By contrast to the longer course by Dr. Plale described above, Dr.
C. Titus Brown, Dr. Harriet Alexander, and Dr. Phillip Brooks led
a recent two-day course on metagenome analysis at University
of California at Santa Cruz [5]. This workshop has been held for
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Table 2: Courses and Workshops Covered in Survey

Event Title Type Number
of Stu-
dents

Location Audience

Analysis of large, complex biobehavioral, bioinfor-
matic, and genomic data sets

Workshop 36 Brandeis University Graduate students

Bioinformatics: Tools for Genome Analysis Course 9 Online (via Johns Hopkins
University)

Graduate students

‘Digital Pedagogy’ / ‘Introduction to Text Analysis’ Course 30 University of Pittsburgh /
Carnegie Mellon University

Graduate students

Management, Access, and Uses of Big and Complex
Data

Course 200 Indiana University Undergraduate and gradu-
ate students

Data-Driven Neuroimaging Workshop 30 University of California San
Francisco

Researchers and graduate
students

2017 Metagenomics Workshop Workshop 30 University of California
Santa Cruz

Researchers, graduate stu-
dents, and undergraduates

multiple years prior using Amazon Web Services (AWS) for the
VM component. For the workshop, they used a base Ubuntu image
and added several software packages like trimmomatic and fastqc
for working with sequencer data, MEGAHIT assembler for assem-
bling the metagenomes, Prokka for annotating them, and Jupyter
Notebooks for doing the workshop exercises [6].

A two-day workshop doesn’t allow much room for error on the
part of the technology provider. While Dr. Brown was prepared for
his part of the workshop, it was up to the Jetstream staff to be ready
and able to handle any support issues. Due to staffing and budget
constraints, Jetstream currently does not have a 24/7/365 support
staff. This means that unless prior arrangements are made, there is a
potential for support breakdown for courses or workshops held on
the weekend. Fortunately, there were no issues of consequence and
Dr. Brown reported that using “Jetstream went more smoothly than
AWS in almost every way and seems to perfectly meet our needs
for training!” [5]. He reported minor issues with the Jetstream web
desktop and a few stalled instance startups, but no major issues.

Overall, this workshop was considered a success. A longer data-
intensive workshop is scheduled for this summer using Jetstream.
This will have up to 100 users for 30 days using Jetstream for
sequencing and data analysis [4]. While this will not be the largest
course or workshop to date, it will most likely be the most intense
in terms of resources required and simultaneous load. This will be
another milestone for Jetstream brought about by an educator well
versed in using cloud technologies.

5.3 Workshop Review 2

The Berkeley Institute for Data Science (BIDS) and the University of
Washington’s eScience Institute teamed up with UCSF researchers
to conduct a workshop on data-driven analysis and machine learn-
ing for neuroscience imaging data [8]. The demand for this work-
shop was high, with 60 applicants vying for 30 spots [3]. This
workshop required a considerable amount of coordination amongst
the three institutions involved, including the technical work before
the actual workshop.

In order to utilize as much of the workshop time for actual
learning and research techniques, IT staff created the workshop
virtual machines in advance in a pre-loaded, customized Docker
container that contained Jupyter Notebook, a selection of Python
environments, tools, and libraries, as well as a selection of R utilities,
based on the Jupyter Notebook Data Science Stack [22]. Additional
neuroscience-specific packages such as Dipy [11]. The workshop
coordinators then created a VM for each participant and provisioned
the customized container on each VM so participants entered the
workshop ready to go almost immediately.

This ensured that each person had the most up-to-date environ-
ment for the workshop. No installation time was required and no
downloading of data or other tools was necessary. The workshop
organizers wanted to remove this from their workshop as the pro-
cess is often error prone [8]. While this could have been done using
VM images, the process of using Docker containers worked well for
the IT staff supporting the workshop creation. This allowed the the
staff to have a consistent working environment for each participant
and also saved time by having all data sets needed for the project
preloaded into the container rather than being downloaded by each
participant.

The workshop was considered a success and plans are being
made for future versions. One respondent reported that better re-
source monitoring and management would help in the overall con-
trol of the workshop. With IT staff building and managing the
workshop, it was a workable solution, but a goal for their organiza-
tion is to make instructors more self-sufficient. Better usage and
monitoring tools might make that a more achievable goal. Aaron
Culich of Berkeley stated that one of Jetstream’s strengths is pro-
viding “fast and flexible access to computational resources at no
cost” and that it was a benefit to researchers to use in workshops
because they could apply for their own allocations afterward.

5.4 Workshop Review 3

The last workshop examined was organized by Dr. Francesco Pon-
tiggia, Research Computing specialist at Brandeis University, and
taught by Dr. Kene Piasta. This workshop was a week of classroom
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instruction followed by three months of independent project work.
There were thirty-five graduate students enrolled with the purpose
of learning methods for conducting statistical analysis of large,
complex biobehavioral, bioinformatic, and proteomic data sets.

The VMs for the classroom portion were set up by Dr. Pontiggia
in advance. The six shared VMs used R for the statistical analysis
and then various other software packages depending on the par-
ticular track. The instructors also held a training session on using
Jetstream as part of this classroom time to prepare the students for
their independent project work. For the project work itself, they
created a custom image with all the bioinformatics packages they
expected students to need. However, as Dr. Pontiggia noted in the
survey, “giving students and instructors the ability to modify, install
software on their own and maintain access on demand later on to
those images is something of great value, which would not have
been easily achieved on our cluster.” This flexibility for creating
customized, savable, reproducible workflows is part of the design
goal of Jetstream.

One issue during this workshop was in the shared VMs used
during the classroom portion. In order to control the environment,
students used shared VMs; however, individual accounts had to
be added (because there was no easy way to use login credentials
against the launched VMs inside another account). The workshop
organizers reported that having some form of service to facilitate
this, whether it’s a lightweight directory access protocol (LDAP)
server or something other service, it would allow for a shared
service inside a specific user account. Nevertheless, overall, the
organizers reported that Jetstream provided a comfortable, usable
environment for the students. The participants, in general, were not
extremely experienced computationally. Dr. Pontiggia in particular
felt that having resources available on demand that had a look and
feel like a normal workstation made it easier for the students to
adapt to using analysis tools.

6 SUGGESTIONS FOR IMPROVEMENT

While the survey respondents all reported that their use of Jetstream
was a success, it is important to the evolution and betterment of
the system to find out how they felt we could improve the user
experience. There were several requests for technical features like
allowing persistent internet protocol (IP) addresses in the Atmo-
sphere web interface (this is on the features roadmap but was not
implemented at the time of writing). Other suggestions were for
things like improved base images for instructional use with specific
software. All technical requests are considered, though with budget
and staffing being limited, the goal remains to choose those which
provide maximum benefit to the most users.

One common thread in regards to improvement was how to
better monitor users and usage. In Jetstream’s Atmosphere interface,
there is no easy way for non-admin users to see what users on
their allocation are doing. We have had one successful experiment
with using a community account for a two-day workshop. This
is something we will explore further in the future. This solution,
however, may not be advisable for longer courses where grading
is based on coursework done on Jetstream as the potential for
academic dishonesty is high. Other solutions may be found for this
in the long run.

The last common suggestion was to improve video tutorials for
using Jetstream. While we do provide fairly extensive documenta-
tion on our wiki [13], it is common practice now to provide more
video tutorials for instruction. We plan to continue adding to the
videos that we have created [12], looking at a range of areas from
using the Atmosphere interface to utilizing more advanced appli-
cation programming interface (API) techniques for working with
Jetstream.

7 ENGAGING EDUCATORS

As with any new technology, the task of getting educators to exam-
ine and integrate it into their instructional environment required a
concerted and multifaceted effort. Our survey respondents had sev-
eral things to say about how to best engage educators. While this is
a very small group and won’t represent all educators, their contri-
butions are valuable. Several of the educators noted that Jetstream
simply needed “to get the word out more!” They didn’t necessarily
offer ideas on how best to do that, though. The Jetstream team has
made efforts over the last year to appear at major conferences such
as the Plant and Animal Genome (PAG) conference [2] and Super-
Computing [1]. We are now targeting domain-specific conferences
as well as doing direct outreach and communication, including tu-
torials, with universities and colleges. However, engaging a larger
audience in a survey to find out what broader needs are for technol-
ogy in education might be prudent. Given the very different needs
from classroom to classroom and discipline to discipline, getting
the input directly from educators at every level and a variety of
institutions might help Jetstream understand howwe can best serve
the larger audience.

Engaging educators directly is crucial. At the same time, it is also
important to engage those who support and train educators to use
information technology (IT) components and infrastructure. For
example, within the XSEDE framework, Campus Champions act as
the liaisons between faculty and staff and XSEDE resources. They
provide guidance and training on how to utilize XSEDE resources.
This same approach might be worth exploring for Jetstream. If we
engage and train the IT staff, they may suggest it as a means of
enhancing classroom instruction as well as help their faculty use
it. The difficulty again comes in how to best get in contact and
train this particular group of people. Looking at EDUCAUSE and
SIGUCCS amongst other conferences seems to be a potentially good
way to identify and communicate with this group of people.

8 CONCLUSIONS

Initial educational uses of Jetstream have been successful. While
there have been minor issues along the way, for the most part,
instructors reported that Jetstream met their needs and did so in
an easy-to-use, easy-to-implement way for their courses and work-
shops. In the end, though, themost user friendly system ever created
will not be a success without actually having users. We must con-
tinue to find ways to increase adoption and usage. Finding new
audiences must be a continuing effort. Afterwards, we must follow
up to find how we can help individuals use Jetstream effectively in
their instruction.
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With resources and IT staff being in demand and also constrained
at many institutions, utilizing cloud solutions may be of strategic
and practical importance. Cloud services like Amazon and Azure
are well known and offer introductory usage but often have other
strings attached. Jetstream provides a smaller, more limited service
but one that is free for US-based researchers and educators. Jet-
stream also endeavors to be easy to use and responsive to the needs
of diverse research and education communities. These qualities
give Jetstream the potential to be an extremely valuable tool for
the US academic world.
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