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Abstract
Public research testbeds make sophisticated networking and
cloud computing capabilities available to educators and stu-
dents at non-R1 and teaching-focused institutions without
requiring those institutions to own or maintain the infras-
tructure. However, most reports on educational use of net-
working testbeds come from research-intensive institutions.
This experience report examines adoption in a required un-
dergraduate computer networking course at Farmingdale
State College, a public teaching-focused institution where
many students commute, work while enrolled, and have
limited prior exposure to Linux command line tools or re-
search infrastructure. Since Fall 2022, one instructor has used
public testbed-based labs across 16 course sections serving
373 students. We describe this experience and its outcomes,
with a focus on the conditions that made adoption in this
setting feasible: mentoring, reusable lab materials, instructor-
created scaffolding, detailed student-facing instructions, and
platform choices that reduce unproductive friction.
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1 Introduction
Over the last 15 years, NSF-supported research platforms
for networks and distributed systems (including, but not
limited to: GENI [6], CloudLab [9], Chameleon [22], and
FABRIC [4]) have changed how researchers in these fields
run experiments. Public testbeds make it possible to reserve
real compute, network, and cloud resources; reproduce other
researchers’ experiments; and evaluate systems at a scale
that most individual campuses could not maintain on their
own. This shared infrastructure has a democratizing effect
for research: investigators at institutions without large local
systems labs can still conduct verifiable, repeatable experi-
ments on research-grade infrastructure.

The same democratizing effect should also extend to com-
puter science and engineering education. Through educa-
tional use of public testbeds, students at institutions with
limited local infrastructure can gain hands-on experience
with networks, distributed systems, and cloud platforms.
This access is especially relevant in computer networking
courses, where students must connect layered protocol ab-
stractions to behavior they can observe in running systems.
Textbooks, packet traces, and simulators help, but students
also benefit from working with real hosts, remote access,
routing behavior, congestion control, and distributed sys-
tems they can configure themselves.

This hands-on work has only become more important as
students gain access to AI tools that can generate explana-
tions, code, and answers to conventional homework ques-
tions. Testbed-based labs ask students to configure resources,
collect measurements, and explain behavior they observed in
their own experiment. AI tools may help students interpret
errors or terminology, but they do not replace the experi-
ence of operating remote systems and connecting network
behavior to evidence from a live run.

However, while thousands of students to date have gained
hands-on experience with networks and distributed systems
through educational use of testbeds [1, 7, 18–20, 27, 29, 31–
34, 36–38], most reports on this use come from research-
intensive institutions. This paper instead reports on the use
of public testbeds in an undergraduate networking course
at Farmingdale State College, a public teaching-focused col-
lege. The goal of this paper is to provide a practical blueprint
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for educators at similar institutions, who want to bring au-
thentic networking infrastructure into their classrooms. We
describe the institutional context, the path by which the in-
structor adopted public testbeds, the supports that helped
both the instructor and the students succeed, and the bar-
riers that remained. We also discuss positive outcomes of
this experience for both the instructor and the students. The
experience points to three broader lessons: research infras-
tructure can work in teaching-focused settings, productive
friction is context dependent, and infrastructure and materi-
als may require mentoring and institutional fit before they
become adoptable.

2 Related Work
Prior reports on the use of public research testbeds for hands-
on computing education span several topic areas. In com-
puter networking courses, instructors have used GENI and
FABRIC to support experiments with network protocols and
distributed systems [18–20, 32, 34, 37]. In network security
courses, instructors have used CloudLab and GENI-based
environments for network security labs [29, 31–33, 36], in ad-
dition to the specialized DETER infrastructure [27]. In cloud
computing courses, instructors have used GENI, Emulab, and
Chameleon for lab exercises and course activities [1, 7, 8, 38].
Chameleon has also been used to teach operational machine
learning [17].
However, the overwhelming majority of these reports

come from educators in institutions with a high level of
research activity. One notable exception is the CyberPaths
project, which develops and reports on the use of GENI-based
network security labmaterials at a liberal arts college [28, 29].
The goal and context of the CyberPaths project differ from
ours, as the focus of that project is on the introduction of
cybersecurity concepts and practices to non-technical majors
in their first year of college.

This paper contributes an experience report from a public
teaching-focused institution, where students used a research
testbed (CloudLab) in a required undergraduate networking
course. We focus on adoption conditions that are especially
important in this context.

3 Institutional Context and Students
Farmingdale State College serves about 10,000 students. Most
students commute while about 6% live on campus. The col-
lege serves a majority-minority student population, with 64%
of students from underrepresented groups, including adult
learners such as transfer students, second-degree seekers,
and veterans. Many students balance school with employ-
ment and family responsibilities. About 73% of undergrad-
uate students receive financial aid, and 82% work on or off

campus. In recent years, Farmingdale State College has ex-
panded its computing programs. The college launched its
first master’s degree programs in 2014 and received a $75M
public investment in 2022 to build out capacity for computer
science and information technology programs.

The Computer Systems Department offers two undergrad-
uate programs. The Computer Programming and Informa-
tion Systems program has served students for more than
25 years and enrolled more than 400 majors in 2025. The
Computer Science program launched in Fall 2021, following
guidance from the ACM/IEEE Computer Science Curricula,
and enrolled about 300 majors in 2025. Courses are offered
with a small student-to-faculty ratio (25:1) in a variety of for-
mats, including in-person, hybrid, and online. The computer
networks course is a required course for Computer Science
majors and a technical elective for Computer Programming
and Information Systems majors.
The goal of many students in these programs is industry

employment, rather than graduate school or research. Many
students have limited time outside of class. Most enter the
course without prior experience using Unix-style command
lines, SSH keys, file transfer, or remote machines. Testbed-
based labs therefore needed to teach networking concepts
while also onboarding students into the infrastructure itself,
and without placing excessive demands on students’ time.

4 Faculty Entry Point
The instructor is a computer systems professor at Farming-
dale State Collegewith about 15 years of academic experience
and prior research experience in computer networking. At
Farmingdale State College, she has a heavy teaching load (4
+ 4 + extra summer teaching). Her first sustained exposure to
public testbeds came through summer faculty residencies in
2020 and 2021 and a sabbatical residency in Fall 2021 at New
York University. During this period, the instructor began
collaborating with a research group that made extensive use
of public testbeds, including GENI [6], CloudLab [9], and
FABRIC [4], for both research and teaching.

The testbed-based teachingmaterials adopted by the Farm-
ingdale State College networking course were used by the
New York University research group in their own courses for
many years [30], and the faculty collaborator at New York
University provided mentoring to the Farmingdale State Col-
lege instructor as she implemented these in her own course.
These two elements - classroom-testedmaterials, and one-on-
one mentoring by an experienced educator using those same
materials - substantially lowered the barrier to adoption and
made it possible for the Farmingdale State College instructor
to implement testbed-based labs despite her limited previous
experience with testbeds and heavy teaching load.
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Table 1: CloudLab assignment sequence.

Assignment Topic
Hello, CloudLab [10] Create and use a testbed account, instantiate a prepared experiment, identify reserved

resources, access a host, and release resources when finished.
Hello, Linux [11] Practice Unix-style command-line work on a remote host, including files, directories,

processes, shell commands, and remote access habits used in later labs.
Socket Programming [13, 14] Run and modify client/server programs across hosts, connect sockets to application-layer

communication, and relate host, port, and transport-layer behavior to course concepts.
TCP Congestion Control [16] Generate traffic across controlled paths, observe throughput and congestion window

behavior, and understand how TCP responds to network conditions.
Static Routing [15] Configure and test reachability across a multi-hop topology, inspect forwarding behavior,

and connect routing table entries to packet delivery.
Learning Switch [12] Observe how a switch learns MAC addresses, and how it forwards, filters, or floods a

frame depending on the forwarding table.

5 Course Context
The computer networks course at Farmingdale State College
was designed to provide a solid foundation for undergradu-
ate computing students. It covers the top four layers of the
Internet protocol stack and closely follows Kurose and Ross’s
Computer Networking: A Top-Down Approach textbook [25].
The course combines conceptual material with hands-on ac-
tivities: during a 15-week semester, students complete five
Wireshark assignments (from the Kurose and Ross supple-
mentary materials [26]) and six lab assignments that run
on CloudLab, including warm-up assignments on each tool
and one Wireshark and one CloudLab assignment for each
network protocol layer.
Table 1 summarizes the CloudLab assignments and their

role in the course. TheWireshark and CloudLab assignments
played different, complementary roles. Wireshark assign-
ments gave students packet traces and protocol fields to in-
spect. CloudLab assignments gave students remote hosts and
network links they could control. In combination, the two
tools helped students connect textbook concepts to packet-
level evidence and to the behavior of running systems.
The instructor began teaching the course with testbed-

based labs in Fall 2022 and has been the only instructor
teaching it at Farmingdale State College since then. She has
taught a total of 16 sections serving 373 students (1-3 sec-
tions per semester, with a range of 18 to 76 students per
fall/spring semester). The course ran first in a post-COVID
live-stream classroom format, with in-person lectures for
a limited number of students and remote access for others.
Later offerings used in-person format and mostly hybrid for-
mat (with one in-person meeting each week alongside online
materials, including recorded videos).

6 Lab Design Choices and Supports
The CloudLab assignments were adopted from public teach-
ing materials that were originally part of the GENI education
ecosystem [18]. Comparable versions are now available for
CloudLab, FABRIC, and Chameleon following the depreca-
tion of GENI. As Table 1 summarizes, the lab assignment
sequence includes two onboarding labs and four network-
ing labs. The onboarding labs help students set up their
testbed accounts, get to a running experiment, and learn the
command-line workflow before the course asks them to rea-
son about protocol behavior. The later labs are interleaved
with Wireshark assignments so that students move between
packet-level observation and testbed-based experimentation
throughout the semester.

EachCloudLab assignment follows the same student-facing
structure. Students start from a prepared CloudLab profile,
reserve resources, log in to resources through the browser
or SSH, run a sequence of commands on resources, collect
output or screenshots, and answer questions that ask them
to reason and explain what they observed. Each assignment
includes complete step-by-step instructions on a single page;
in most cases, students can execute the entire sequence of
steps by copying and pasting commands from the lab instruc-
tions directly into a terminal. The grading scheme reflects
this design: 80% of assignment credit comes from completing
the experiment and documenting the run with screenshots
or command output, while the remaining credit comes from
questions that ask students to connect those observations to
networking concepts.
A major focus in this adoption was to allow students in

this institutional context to run experiments successfully
and experience networking concepts as a concrete behavior
in real systems. The learning objectives of the course were

https://teaching-on-testbeds.github.io/hello-cloudlab/
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about computer networking: observing protocol behavior,
connecting measurements to course concepts, and explain-
ing what happened in a running system. Using a testbed was
necessary for reaching those objectives, but it was not the
primary objective of the course. Therefore, supports were
designed to minimize the friction of using a testbed, in or-
der to emphasize the intellectual work of reasoning about
network behavior.
One major area where support was needed was in the

onboarding process, which is often challenging (as has been
observed in otherwork on teachingwith public testbeds [37]).
In this context specifically, many students entered the course
with limited experience using Unix-style command lines,
SSH keys, remote login, file transfer, or VNC. After the first
one or two orientation labs, many students became comfort-
able enough to follow detailed instructions and complete
later experiments. However, students who missed the early
orientation work often struggled for the rest of the semester.
We also found that written instructions alone were not

enough for many students. The instructor augmented the
existing written lab materials with recorded walkthrough
videos [2]. In these videos, the instructor completed the
same steps students were expected to complete, using the
same written instructions and showing the expected termi-
nal workflow. Students could pause the video, compare their
own terminal output to the instructor’s output, and recover
when they made mistakes. Videos are likely helpful in sup-
porting written instructions in many contexts; walkthrough
videos are used at New York University as well.

Students also occasionally ran into technical issues that
were difficult to diagnose locally. In those cases, the Farm-
ingdale State College instructor could often consult the New
York University mentor. Thus, the mentoring relationship
was useful not only during initial planning and adoption, but
throughout the semester in case of problems that the Farm-
ingdale State College instructor did not have the expertise
to resolve.
Moving backward from classroom supports to adoption

decisions, the choice of materials and platform also shaped
students’ success. Kapur’s work [21] shows that productive
friction can support learning. However, productive friction
in one setting may be unproductive friction in another set-
ting. Many students at Farmingdale State College are com-
muters, work while enrolled, and take the networking course
because their program requires it. Their first goal is often
completion. Time and cognitive effort spent parsing the in-
structions, instead of reasoning about the network behavior,
is not necessarily productive for this student population. It
was therefore a priority to reduce cognitive load in the setup
process while preserving intellectual work in the parts of
the lab tied to course learning goals.

Toward that end, the choice of lab material is important.
The lab materials followed a do-observe-reflect model. In the
do stage, students instantiated a prepared experiment and
ran commands, often by copying commands step-by-step
from the instructions into a terminal. This design minimized
setup friction so that students could reach a working experi-
ment. The observe and reflect stages then asked students to
inspect output, interpret packet or host behavior, and con-
nect observations to networking concepts. We treated the
productive friction as the work of observing and explaining
what happened, not the work of discovering how to get the
experiment running.
Another important choice was the platform. Although

similar versions of the lab materials are available for FAB-
RIC and Chameleon, Farmingdale State College used the
CloudLab versions because they reduced setup friction that
would have been unproductive in this setting. On FABRIC
and Chameleon, setting up an experiment can require ei-
ther multiple clicks in an online graphical interface, where
a wrong choice can derail the setup, or executing a Python
notebook cell by cell. The notebook workflow is sensitive to
out-of-order execution, naming choices, transient errors, and
site outages, all of which require students to decide whether
an error reflects their own mistake, a temporary platform
condition, or an instruction they should rerun. Prior work
on teaching with FABRIC reports that students found these
setup issues challenging, including Jupyter-based confusion
about whether to run commands in the notebook environ-
ment or in the terminal of the experimental node [37], and
we observed similar confusion when working with students
on FABRIC and Chameleon. These interfaces make the pro-
cess of designing and setting up a new topology more visible,
which can be desirable if the instructional goal is to prepare
students for open-ended platform use. However, if the goal
is to get students to a running experiment with minimal
friction so they can focus on observing and reflecting on net-
work behavior, we found the CloudLab user experience much
smoother. We note again that what counts as productive fric-
tion in one instructional context can become unproductive
friction in another.

As AI tools have become more widely available, they have
not been a major source of assignment redesign pressure
in this course. Students could still use AI tools to help ex-
plain terminal output, and such use would not necessarily
be inconsistent with the goals of the assignment if it helped
them connect observations to networking concepts. The con-
cern is use that bypasses the intended work of running the
experiment, inspecting the evidence, and interpreting the
results. Current AI agents are likely capable of following
lab instructions, running commands, and generating expla-
nations from the resulting output, but to date we have not
seen evidence of that pattern in this course. For this student
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population, the provided materials appear to remain the path
with the least procedural friction through the assignments:
the instructions, expected terminal outputs, screenshots, and
recorded walkthroughs already provide the guidance stu-
dents need to complete the experiment, while leaving the
intended productive friction in the work of observing and
interpreting results.

Thismay differ frommore open-ended assignments, where
students face a blank slate and the path with the least pro-
cedural friction may involve using AI tools for initial direc-
tion [5, 35]. In these labs, the starting point and a straight-
forward procedural path are already supplied.

7 Outcomes
We did not undertake any systematic investigation of out-
comes, but anecdotally, students responded positively. They
appreciated the chance to work with remote research in-
frastructure, and they especially responded to activities that
made the remote systems feel concrete, e.g. using a graphical
web browser in a VNC session on the remote host. They
found that the testbed activities were engaging, made net-
working concepts concrete, and that the combination of writ-
ten instructions, recorded videos, and additional support in
instructor office hours made the experiments relatively pain-
less to execute. We also observed that the quality of students’
work on the labs was generally good, although it declined
for a small number of students near the end of the semester,
when heavier course workloads and outside responsibilities
led them to rush the more involved assignments.
We also observed several positive outcomes for both stu-

dents and the instructor that suggest the value of this expe-
rience beyond the course itself.
Five undergraduate students, recruited through campus

bridge and mentored research-placement programs at Farm-
ingdale State College, were able to work on independent
study projects involving CloudLab and FABRIC. These stu-
dents had limited prior research experience and had rarely
considered graduate study or research careers. Through the
course and independent-study projects, they used real hard-
ware, practiced Unix command-line work, and handled prac-
tical troubleshooting in public testbed environments. Ex-
posure to public testbeds gave Farmingdale State College
students another vision of computing work and taught them
skills they could draw on if they later reconsidered research
or graduate school. Individual students sometimes attributed
positive outcomes beyond the college itself (e.g. a student
obtaining an IT job they had been pursuing, another student
continuing to a master’s program).

The collaboration also produced positive outcomes for the
instructor. The ongoing relationship with the New York Uni-
versity research group led to a co-authored workshop paper

on wireless networks and associated public dataset [3], tech-
nical presentations at New York University research group
meetings, and co-mentorship of students at Farmingdale
State College on testbed-based research projects. The in-
structor from Farmingdale State College had the opportunity
to participate in the NSF Midscale Experimental Research
Infrastructure Forum in 2024 as an education panelist and
later joined a multi-institutional NSF cyberinfrastructure
proposal as a co-PI. The instructor also developed a new
wireless networking course as an upper-level technical elec-
tive, scheduled to debut in Spring 2027 at Farmingdale State
College, in which students will use advanced hands-on labs
across multiple wireless public testbeds, again building on
publicly available material and mentoring from the New York
University collaborator.

8 Limitations
The observations in this report, come from course implemen-
tation, student interactions, and instructor reflection, but
not from any systematic investigation. We did not collect
pre/post measures, surveys, or pass-rate comparisons that
would support causal claims about learning outcomes. The
contribution is an adoption report: it identifies the supports
that allowed a teaching-focused institution to use research
infrastructure repeatedly across 16 sections, for 8 consecu-
tive semesters since Fall 2022. Furthermore, this contribution
draws on one instructor’s experience at one public teaching-
focused institution, and may not generalize.

9 Conclusion
NSF-supported public testbeds provide researchers and stu-
dents at institutions with limited local resources access to
advanced networking and cloud computing infrastructure.
At the same time, these platforms are built to support sophis-
ticated, cutting-edge research experiments, which can make
the learning curve steep. Three takeaways emerge from our
experience, as described below.

First, research infrastructure is not only for research
institutions: it can also work well in a teaching-focused set-
ting when course design accounts for students’ prior prepa-
ration, time constraints, and goals. For students at teaching-
focused institutions, the opportunity to work with research
infrastructure can be transformative and can lead them to
understand computing in new ways. For instructors in this
setting, it can also create a connection to the research commu-
nity, support new course development, and open pathways
for student research projects. In both cases, however, the
opportunity becomes realizable only when support matches
the local context.
For infrastructure operators, this means that education-

facing access should be treated as a first-class part of the



A4NE ’26, August 17, 2026, Aydin and Fund

platform mission, not as a side effect of research access. Path-
ways that make research infrastructure usable by instructors
and students outside research-intensive settings create op-
portunities for broader classroom adoption, earlier student
exposure to research-grade systems, and new points of entry
into the research community.

Second, friction that may be acceptable or productive
in one instructional context can become blocking in an-
other. In this course, reducing setup friction helped preserve
students’ effort for observing and explaining network be-
havior. In a setting where some students have not used SSH
keys, remote Unix systems, or VNC, scaffolding determines
whether students experience the platform as an opportunity
or a barrier. Platform-onboarding lab assignments, written
instructions, recorded demos, and troubleshooting support
can prevent unfamiliar tools from becoming a semester-long
obstacle. Course design should also reflect students’ lives and
goals: many students at commuter public institutions work
while enrolled and focus on near-term industry employment.
Instructors should connect testbed work to practical skills,
show how command-line and remote systems experience
supports industry roles, and pace labs so students have time
for reflection.

For developers of reusable educational resources, it is im-
portant to note that a working experiment is not the same
as one that is ready to adopt in any classroom. Materials pro-
duced as part of infrastructure or training projects often pro-
vide an executable experiment, but making that experiment
adoptable in a setting with minimal tolerance for procedural
friction requires additional pedagogical design, testing with
students, and revision over time to identify points of friction
and reduce them.

Third, infrastructure availability and reusable mate-
rials are necessary, but not sufficient, conditions for
adoption in some settings. For instructors, public testbeds
offer a powerful way to bring authentic research infrastruc-
ture into the classroom, but adoption can be daunting unless
materials are ready for the realities of their institutional
context. For teaching-focused institutions, reusable lab ma-
terials make adoption practical. Instructors often balance
high teaching loads, advising, service, and curriculum devel-
opment. Materials that are already “classroom-ready” can
make the use of public infrastructure feasible, so that instruc-
tors can spend local preparation time on student-specific
scaffolding rather than reconstructing the lab material itself.
However, “classroom-ready” is context dependent: materials
that work well for a graduate course at a research-intensive
institution may still require substantial adaptation before
they are appropriate for a required undergraduate course at
a teaching-focused institution.
Instructor preparation and mentoring can change the

adoption cost. In this course, the instructor’s residencies,

collaborations, and workshop participation gave her enough
familiarity with GENI, CloudLab, and FABRIC to bring Cloud-
Lab into the classroom. This experience is consistent with
research on innovation diffusion and cyberinfrastructure
adoption, which finds that personalizing demonstrations,
training, and building relationships based on trust are nec-
essary strategies for promoting adoption of advanced cy-
berinfrastructure [23, 24]. Public testbed communities can
support broader classroom use by offering faculty develop-
ment, reusable examples, education-focused documentation,
and ongoing mentoring for instructors.
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